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OPTICAL TRANSMISSION APPARATUS,
OPTICAL RECEPTION APPARATUS,
OPTICAL COMMUNICATIONS APPARATUS,
OPTICAL COMMUNICATION SYSTEM, AND
METHODS OF CONTROLLING THEM

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 14/915,216, filed on Feb. 26, 2016, which 1s a
National Stage Entry of International Application No. PCT/
JP2013/005153, filed Aug. 30, 2013. The entire contents of
the above-referenced applications are expressly incorpo-
rated herein by reference.

TECHNICAL FIELD

The present invention relates to an optical transmission
apparatus, an optical reception apparatus, an optical com-
munication apparatus, an optical commumnication system,
and methods of controlling them.

BACKGROUND ART

With an explosive increase in demand of a broadband
multimedia communication service such as the Internet or
video distribution, a dense wavelength-division multiplex-
ing optical fiber communication system, which 1s suitable
for a long-distance and large-capacity transmaission and 1s
highly reliable, has been introduced 1n trunk line networks
and metropolitan area networks. In subscriber systems, an
optical fiber access service spreads rapidly. In such an
optical fiber communication system, cost reduction for lay-
ing optical fibers as optical transmission lines and improve-
ment of spectral efliciency per optical fiber are important.
Theretfore, a wavelength division multiplex (WDM), which
multiplexes multiple optical signals having diflerent wave-
lengths, 1s widely used. In the WDM technology, one
wavelength 1s used for one channel. On the other hand, in
recent years, a SuperChannel technology, which can achieve
a transmission capacity that exceeds 100 Gbps for each
bandwidth of one channel of the WDM, has been focused.
In this SuperChannel technology, a plurality of wavelengths
(sub-carriers) are used for the bandwidth of one channel,
whereby 1t 1s possible to multiplex wavelengths with high
density. Therefore, when the transmission capacity increases
to 400 Gbps or 1 Tbps in the future, this SuperChannel

technology will become more important.

Patent Literature 1 and 2 disclose techniques related to an
optical communication using the WDM. Patent Literature 1
discloses a technique related to an optical network apparatus
capable of performing an eflicient operation, management,
and maintenance of a network. Patent Literature 2 discloses
a technique related to an optical transmission apparatus
capable of reducing an influence of intermixing noise when
an electric signal including a plurality of sub-carriers 1is
transmitted by analog optical modulation.

CITATION LIST
Patent Literature

|Patent Literature 1] Japanese Unexamined Patent Applica-
tion Publication No. 2003-008513
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|[Patent Literature 2] Japanese Unexamined Patent Applica-
tion Publication No. 2008-206063

SUMMARY OF INVENTION

Technical Problem

In the communication network, there 1s a fluctuation 1n an
amount of tratlic between predetermined nodes. Therefore,
it 1s not necessary that the transmission between predeter-
mined nodes be always performed at a maximum transmis-
s10n capacity. On the other hand, as described 1n Background
Art, 1n the optical communication using the WDM technol-
ogy, one wavelength 1s used for one channel. Therefore, 1n
the optical communication apparatus using the WDM tech-
nology, there are only two options: whether to turn off the
communication or to perform the communication at the
maximum transmission capacity, and 1t 1s impossible to set
the transmission capacity to an intermediate value.

On the other hand, when the SuperChannel technology 1s
used, a plurality of wavelengths are used in the bandwidth
of one channel of the WDM, whereby 1t 1s possible to set the
transmission capacity to the intermediate value. Based on
this point, the present inventors have found that, when the
transmission capacity 1s set to an intermediate value using a
part of the plurality of wavelengths 1n the bandwidth of one
channel for one transmission apparatus, the resources can be
allocated to the other transmission apparatuses using the
remaining wavelengths.

In view of the above description, one exemplary object of
the present mvention 1s to provide an optical transmission
apparatus, an optical reception apparatus, an optical com-
munication apparatus, an optical commumnication system,

and methods of controlling them capable of efliciently
allocating resources 1n an optical communication network.

Solution to Problem

An optical transmission apparatus according to the pres-
ent invention includes: a first transmission unit that transmaits
a first optical transmission signal; a second transmission unit
that transmits a second optical transmission signal; and an
output unit that outputs, when the first optical transmission
signal and the second optical transmission signal share a set
of information, both the first optical transmission signal and
the second optical transmission signal to a first path and
outputs, when the first optical transmission signal and the
second optical transmission signal do not share the set of
information, one of the first optical transmission signal and
the second optical transmission signal to a second path.

An optical reception apparatus according to the present
invention includes: first and second reception units that
receive a sub-carrier reception signal; and a switch unit that
outputs a {first sub-carrier reception signal and a second
sub-carrier reception signal that have been input to the first
and second reception units, 1n which: when the first and
second sub-carrier reception signals share a set of informa-
tion, the switch unit receives the first and second sub-carrier
reception signals via one path and outputs the first sub-
carrier reception signal to the first reception unit and the
second sub-carrier reception signal to the second reception
unit, and when the first sub-carrier reception signal and the
second sub-carrier reception signal do not share the set of
information, the switch unit receives the first and second
sub-carrier reception signals via paths different from each
other and outputs the first sub-carrier reception signal to the
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first reception unit and the second sub-carrier reception
signal to the second reception unit.

An optical communication apparatus according to the
present invention includes: a {irst transmission unit that
transmits a first optical transmission signal; a second trans-
mission unit that transmits a second optical transmission
signal; an output unit that outputs, when the first optical
transmission signal and the second optical transmission
signal share a set of information, both the first optical
transmission signal and the second optical transmission
signal to a first path and outputs, when the first optical
transmission signal and the second optical transmission
signal do not share the set of information, one of the first
optical transmission signal and the second optical transmis-
s10n signal to a second path; first and second reception units
that receive a sub-carrier reception signal; and a switch unit
that outputs a first sub-carrier reception signal and a second
sub-carrier reception signal that have been iput to the first
and second reception units, i which: the switch unit
receives, when the first and second sub-carrier reception
signals share a set of information, the first and second
sub-carrier reception signals via one path and outputs the
first sub-carrier reception signal to the first reception unit
and the second sub-carrier reception signal to the second
reception unit, and the switch unit receives, when the first
sub-carrier reception signal and the second sub-carrier
reception signal do not share the set of information, the first
and second sub-carrier reception signals via paths different
from each other and outputs the first sub-carrier reception
signal to the first reception unit and the second sub-carrier
reception signal to the second reception unit.

An optical communication system according to the pres-
ent mvention icludes an optical transmission apparatus and
first and second optical reception apparatuses, in which: the
optical transmission apparatus includes: a first transmission
unit that transmits a first optical transmission signal; a
second transmission unit that transmits a second optical
transmission signal; and an output unit that outputs, when
the first optical transmission signal and the second optical
transmission signal share a set of information, both the first
optical transmission signal and the second optical transmis-
sion signal to the first optical reception apparatus and
outputs, when the first optical transmission signal and the
second optical transmission signal do not share the set of
information, one of the first optical transmission signal and
the second optical transmission signal to the second optical
reception apparatus.

An optical communication system according to the pres-
ent mvention includes: an optical transmission apparatus
that transmits first and second optical transmission signals;
first and second optical reception apparatuses that receive
the first and second optical transmission signals; and a
controller that controls the optical transmission apparatus, 1n
which the optical transmission apparatus outputs the first
optical transmission signal and a second optical transmission
signal that shares a set of information with the first optical
transmission signal to the first optical reception apparatus
according to an 1instruction from the controller and outputs
a second optical transmission signal that does not share the
set of information with the first optical transmission signal
to the second optical reception apparatus.

An optical communication system according to the pres-
ent invention includes first and second optical transmission
apparatuses and an optical reception apparatus, in which: the
optical reception apparatus includes: first and second recep-
tion units that receirve a sub-carrier reception signal; and a
switch unit that outputs a first sub-carrier reception signal
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and a second sub-carrier reception signal that have been
input to the first and second reception umts, when the first
and second sub-carrier reception signals share a set of
information, the switch unit receives the first and second
sub-carrier reception signals from one optical transmission
apparatus and outputs the first sub-carrier reception signal to
the first reception unit and the second sub-carrier reception
signal to the second reception unit, and when the first
sub-carrier reception signal and the second sub-carrier
reception signal do not share the set of information, the
switch unit receives the first and second sub-carrier recep-
tion signals via paths different from each other and outputs
the first sub-carrier reception signal to the first reception unit
and the second sub-carrier reception signal to the second
reception unit.

A controller according to the present invention causes, 1n
an optical communication system including an optical trans-
mission apparatus and {first and second optical reception
apparatuses, the optical transmission apparatus to output a
first optical transmission signal and a second optical trans-
mission signal that share a set of information with the first
optical transmission signal to the first optical reception
apparatus and to output a second optical transmission signal
that does not share the set of information with the first
optical transmission signal to the second optical reception
apparatus.

A method of controlling an optical communication system
according to the present invention 1s method of controlling
an optical communication system including an optical trans-
mission apparatus and {first and second optical reception
apparatuses, in which: the optical transmission apparatus
includes: a first transmission unit that transmits a first optical
transmission signal; a second transmission unit that trans-
mits a second optical transmission signal; and an output unit
that outputs, when the first optical transmission signal and
the second optical transmission signal share a set of infor-
mation, both the first optical transmission signal and the
second optical transmission signal to the first optical recep-
tion apparatus, and when the first optical transmission signal
and the second optical transmission signal do not share the
set of information, outputs one of the first optical transmis-
s1on signal and the second optical transmission signal to the
second optical reception apparatus, and each of the optical
transmission apparatus and the first and second optical
reception apparatuses 1s controlled according to a state of
communication of the optical communication system.

A program according to the present invention 1s a program
for controlling an optical communication system including
an optical transmission apparatus and first and second opti-
cal reception apparatuses, in which: the optical transmission
apparatus includes: a first transmission unit that transmits a
first optical transmission signal; a second transmission unit
that transmits a second optical transmission signal; and an
output unit that outputs, when the first optical transmission
signal and the second optical transmission signal share a set
ol information, both the first optical transmission signal and
the second optical transmission signal to the first optical
reception apparatus, and outputs, when the first optical
transmission signal and the second optical transmission
signal do not share the set of information, one of the first
optical transmission signal and the second optical transmis-
s10n signal to the second optical reception apparatus, and the
program causes a computer to execute processing for con-
trolling each of the optical transmission apparatus and the
first and second optical reception apparatuses according to a
state of communication of the optical communication sys-
tem.
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An optical transmission method according to the present
invention includes: generating a first optical transmission
signal; generating a second optical transmission signal; and
outputting, when the first optical transmission signal and the
second optical transmission signal share a set of informa-
tion, both the first optical transmission signal and the second
optical transmission signal to a first path and outputting,
when the first optical transmission signal and the second
optical transmission signal do not share the set of informa-
tion, one of the first optical transmission signal and the
second optical transmission signal to a second path.

An optical reception method according to the present
invention recerves, when first and second sub-carrier recep-
tion signals share a set of information, the first and second
sub-carrier reception signals via one path and outputs the
first sub-carrier reception signal to a first reception unit and
the second sub-carrier reception signal to a second reception
unit and receives, when the first sub-carrier reception signal
and the second sub-carrier reception signal do not share the
set of information, the first and second sub-carrier reception
signals via paths different from each other, outputs the first
sub-carrier reception signal to the first reception unit, and
outputs the second sub-carrier reception signal to the second
reception unit.

Advantageous Effects of Invention

According to the present invention, 1t 1s possible to
provide an optical transmission apparatus, an optical recep-
tion apparatus, an optical communication apparatus, an
optical commumnication system, and methods of controlling
them capable of efliciently allocating resources 1n an optical
communication network.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a block diagram showing an optical transmission
apparatus according to a first exemplary embodiment;

FIG. 2 1s a diagram showing an optical communication
system according to a comparative example;

FIG. 3 1s a diagram showing the optical communication
system according to the comparative example;

FIG. 4 1s a diagram for describing eflects of the present
invention;

FIG. 5 15 a block diagram showing an optical transmission
apparatus according to a second exemplary embodiment;

FIG. 6 1s a diagram for describing an arrangement of
sub-carriers:

FIG. 7 1s a diagram for describing an arrangement of
sub-carriers:

FIG. 8 1s a block diagram showing an optical transmission
apparatus according to a third exemplary embodiment;

FIG. 9 1s a diagram showing one example of the sub-
carriers (WDM);

FIG. 10 1s a diagram showing another example of the
sub-carriers (OFDM modulation);

FIG. 11 1s a block diagram showing an optical transmis-
s10n apparatus according to a fourth exemplary embodiment;

FIG. 12 1s a block diagram showing the optical transmis-
sion apparatus according to the fourth exemplary embodi-
ment,

FIG. 13 1s a block diagram showing the optical transmis-
sion apparatus according to the fourth exemplary embodi-
ment;

FIG. 14 1s a block diagram showing an optical reception
apparatus according to a fifth exemplary embodiment;
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FIG. 15 1s a block diagram showing an optical reception
apparatus according to a sixth exemplary embodiment;

FIG. 16 1s a block diagram showing an optical reception
apparatus according to a seventh exemplary embodiment;

FIG. 17 1s a block diagram showing an optical reception
apparatus according to an eighth exemplary embodiment;

FIG. 18 1s a block diagram showing the optical reception
apparatus according to the eighth exemplary embodiment;

FIG. 19 1s a block diagram showing the optical reception
apparatus according to the eighth exemplary embodiment;

FIG. 20 1s a block diagram showing an optical commu-
nication apparatus according to a ninth exemplary embodi-
ment,

FIG. 21 1s a block diagram showing an optical commu-
nication system according to a tenth exemplary embodi-
ment,

FIG. 22 1s a block diagram showing an optical commu-
nication system according to an eleventh exemplary embodi-
ment;

FIG. 23 15 a block diagram showing a controller included
in the optical communication system according to the elev-
enth exemplary embodiment;

FIG. 24 1s a block diagram showing a controller included
in an optical communication system according to a twelith
exemplary embodiment;

FIG. 25 1s a block diagram showing an optical commu-
nication system according to a thirteenth exemplary embodi-
ment,

FIG. 26 1s a block diagram showing an optical commu-
nication system according to a fourteenth exemplary
embodiment; and

FIG. 27 1s a block diagram showing an optical commu-
nication system according to a fifteenth exemplary embodi-
ment.

DESCRIPTION OF EMBODIMENTS

First Exemplary Embodiment

In the following description, with reference to the draw-
ings, exemplary embodiments of the present invention will
be described. FIG. 1 1s a block diagram showing an optical
transmission apparatus 1_1 according to a first exemplary
embodiment. As shown 1n FIG. 1, the optical transmission
apparatus 1_1 according to this exemplary embodiment
includes a first transmission unit 11_1, a second transmis-
sion unit 11_2, and an output unit 12. In the following
description, the first and second transmission units may be
referred to as sub-carrier transmission units.

The first transmission unit 11_1 transmits a {irst optical
transmission signal 21_1. The second transmission unit 11_2
transmits a second optical transmission signal 21_2. That 1s,
transmission data 1s supplied to each of the first transmission
unit 11 1 and the second transmission unit 11 2 and the first
transmission unit 11 1 and the second transmission unit
11_2 respectively generate the first optical transmission
signal 21_1 and the second optical transmission signal 21_2
to transmit the transmission data. The first optical transmis-
sion signal 21_1 and the second optical transmission signal
21_2 are signals to transmit the transmission data using
sub-carriers.

The optical transmission apparatus 1_1 according to this
exemplary embodiment uses a WDM technology, which
multiplexes a plurality of optical signals having diflerent
wavelengths and transmits the multiplexed signal. That 1s,
the first optical transmission signal 21_1 and the second
optical transmission signal 21_2 respectively generated 1n
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the first transmission unit 11 1 and the second transmission
unit 11_2 have wavelengths different from each other. In the
optical transmission apparatus according to this exemplary
embodiment, 1n particular, a SuperChannel technology,
which allocates a plurality of wavelengths (sub-carriers) to
the bandwidth of one channel of the WDM, can be used. By
using this SuperChannel technology, it 1s possible to mul-
tiplex wavelengths with high density and to increase the
transmission capacity.

When the first optical transmission signal 21_1 and the
second optical transmission signal 21_2 share a set of
information, the output unit 12 outputs both the first optical
transmission signal 21_1 and the second optical transmis-
sion signal 21_2 to one path (e.g., a first path 26_1).

On the other hand, when the first optical transmission
signal 21_1 and the second optical transmission signal 21_2
do not share the set of information, the output unit 12 outputs
one of the first optical transmission signal 21_1 and the
second optical transmission signal 21_2 to a second path.
For example, when the first optical transmission signal 21_1
and the second optical transmission signal 21_2 do not share
the set of information, the output unit 12 may output the first
optical transmission signal 21_1 to the first path 26_1 and
the second optical transmission signal 21_2 to a second path
26_2. Alternatively, for example, when the first optical
transmission signal 21_1 and the second optical transmis-
sion signal 21_2 do not share the set of information, the
output unit 12 may output the first optical transmission
signal 21_1 to the second path 26_2 and the second optical
transmission signal 21_2 to the first path 26_1. In other
words, when the first optical transmission signal 21_1 and
the second optical transmission signal 21_2 do not share the
set o information, the output unit 12 outputs the first optical
transmission signal 21_1 and the second optical transmis-
sion signal 21_2 to paths different from each other.

The case 1 which the first optical transmission signal
21_1 and the second optical transmission signal 21_2 share
the set of information includes, for example, a case 1n which
the first transmission unit 11 1 and the second transmission
unit 11_2 transmit desired transmission data 1n parallel using,
the first optical transmission signal 21_1 and the second
optical transmission signal 21_2.

On the other hand, the case in which the first optical
transmission signal 21_1 and the second optical transmis-
s1on signal 21_2 do not share the set of information includes,
for example, a case 1n which the first transmission unit 11_1
and the second transmission unit 11_2 independently trans-
mit desired transmission data using the first optical trans-
mission signal 21_1 and the second optical transmission
signal 21_2 (i.e., a case in which the first transmission unit
11_1 transmits a predetermined first transmission data using
the first optical transmission signal 21_1 and the second
transmission unit 11_1 transmits a predetermined second
transmission data using the second optical transmission
signal 21_1). In this case, since the first optical transmission
signal 21_1 and the second optical transmission signal 21_2
include respective pieces of transmission data independent
from each other, the first optical transmission signal 21_1
and the second optical transmission signal 21_2 can be
output to the paths diflerent from each other (the first path
26_1 and the second path 26_2).

The first path 26_1 1s a path connected to a first optical
reception apparatus (not shown) and the second path 26_2 1s
a path connected to a second optical reception apparatus (not
shown).

As described above, 1n the optical transmission apparatus
1_1 according to this exemplary embodiment, the output
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destinations of the first optical transmission signal 21_1 and
the second optical transmission signal 21_2 are switched
using the output unit 12. It 1s therefore possible to provide
the optical transmission apparatus capable of efliciently
allocating the resources. The reason therefor will be
described later 1n detail.

FIGS. 2 and 3 are diagrams showing an optical commu-
nication system according to a comparative example and
show one example of the optical communication system
using the SuperChannel technology. The optical communi-
cation system shown i FIGS. 2 and 3 includes optical
communication apparatuses 101_a to 101_c. The optical
communication apparatus 101 _a includes a plurality of
transceiver units 102_a and a single transmission/reception
port 103_a. The plurality of transceiver units 102_qa are
configured to be able to transmit and receive data using
wavelengths (sub-carriers) different from each other. That 1s,
the optical communication apparatus 101_a 1s able to allo-
cate a plurality of wavelengths (sub-carriers) to the band-
width of one channel of the WDM. The respective trans-
ceiver units 102_a are configured to be able to transmit and
receive data using the respective sub-carriers. The same 1s
applicable to the optical communication apparatus 101_b
and the optical communication apparatus 101_c.

In the optical communication system shown in FIGS. 2
and 3, the optical communication apparatus 101_a and the
optical communication apparatus 101_5 can be connected
cach other via an optical fiber 103, the optical communica-
tion apparatus 101a and the optical communication appara-
tus 101_c can be connected each other via an optical fiber
106, and the optical communication apparatus 101_5b and the
optical communication apparatus 101_c can be connected
cach other via an optical fiber 107.

The example shown 1n FIG. 2 shows the case in which the
optical communication apparatus 101_a and the optical
communication apparatus 101_5b are connected via the opti-
cal fiber 105 and the optical communication apparatus
101_a and the optical communication apparatus 101_»5
communicate with each other at a maximum transmission
capacity (100%).

In the communication network, there 1s a fluctuation 1n an
amount of traflic between predetermined nodes. Therelore,
it 1s not necessary that the transmission between the optical
communication apparatus 101_a and the optical communi-
cation apparatus 101_»b be always performed at the maxi-
mum transmission capacity. As described in Background
Art, 1n the optical communication using the WDM technol-
ogy, one wavelength 1s used for one channel. Therefore, 1n
the optical communication apparatus using the WDM tech-
nology, there are only two options: whether to turn off the
communication or to perform the communication at the
maximum transmission capacity, and 1t 1s impossible to set
the transmission capacity to an intermediate value.

On the other hand, when the SuperChannel technology 1s
used, a plurality of wavelengths are used in the bandwidth
of one channel of the WDM, whereby 1t 1s possible to set the
transmission capacity to the intermediate value. Therefore,
as shown 1n FIG. 3, for example, the transmission capacity
between the optical communication apparatus 101_a and the
optical communication apparatus 101_5b can be set to 50% of
the maximum transmission capacity. In this case, however,
some of the transceiver units 102_a of the optical commu-
nication apparatus 101_a which are denoted by transceiver
units 108 o are not to be used. Further, some of the
transceirver units 102_5b of the optical communication appa-
ratus 101_4 which are denoted by transceiver units 108_5b
are not to be used.
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When the SuperChannel technology 1s used, the signals
transmitted or received by the respective transceiver units
102 _a share the set of information. In other words, the
respective transceiver units 102_ag transmit or recerve data in
parallel. Therefore, the optical communication apparatus
101_a 1s configured to transmit or receive optical signals via
the single port 103_qa. Therefore, even when there are
transceiver units 108_a, which are not to be used, among the
transceiver units 102_a of the optical communication appa-
ratus 101_a, 1t 1s 1mpossible to use the transceiver units
108 « that are not to be used for the communication with
another optical communication apparatus 101_c¢ and the
resources are wasted.

FIG. 4 1s a diagram for describing eflects of the present
invention. While the effects of the present invention are
described 1n FIG. 4 using an optical communication appa-
ratus (an optical communication apparatus that can transmit
and receive data), the eflects of the present invention may
also be obtained 1n a similar way in the optical transmission
apparatus and the optical reception apparatus as well.

The optical communication system shown in FIG. 4
includes optical communication apparatuses 110_a to 110_c.
The optical communication apparatus 110_a includes a
plurality of transceiver units 111_qa, a switch unit 112_a, and
a plurality of transmission/reception ports 113_1a and
113_2a. The plurality of transceiver units 111_a are config-
ured to be able to transmit and recerve data using sub-
carriers diflerent from one another. That 1s, the optical
communication apparatus 110_a 1s able to allocate the
plurality of wavelengths (sub-carriers) to the bandwidth of
one channel of the WDM. The same 1s applicable to the
optical communication apparatus 110_& and the optical
communication apparatus 110_c.

As described above, the optical communication apparatus
110_qa 1ncludes the plurality of transmission/reception ports
113 1a and 113 24 and 1s able to switch the transceiver
units 111_a connected to the plurality of transmission/
reception ports 113_1a and 113_2a using the switch umit
112_a. Accordingly, even when there are unused transceiver
units 1n the plurality of transceiver units 111_a of the optical
communication apparatus 110_a, the unused transceiver
units can be allocated to the communication with another
optical communication apparatus.

For example, 1n the optical communication system shown
in FIG. 3, when the transmission capacity between the
optical communication apparatus 101_ag and the optical
communication apparatus 101_» 1s set to 50% of the maxi-
mum transmission capacity, there are unused transceiver
units 108_a of the transcerver units 102_a of the optical
communication apparatus 101_ag and the resources are
wasted. On the other hand, 1n the optical communication
system shown in FIG. 4, the unused transceiver units (cor-
responding to the transceiver units 108_a shown in FIG. 3)
ol the optical communication apparatus 111_a are connected
to the transmission/reception port 113_2a using the switch
unit 112_a, whereby 1t 1s possible to allocate the unused
transceiver units to the communication with the optical
communication apparatus 110_c. It 1s therefore possible to
ciliciently allocate the resources 1n the optical communica-
tion network.

At this time, the optical communication apparatus 110_a
and the optical communication apparatus 110_b communi-
cate with each other via the transmission/reception port
113_1/ of the optical communication apparatus 110_a and a
transmission/reception port 113_15 of the optical commu-
nication apparatus 110_b. The optical communication appa-
ratus 110_a and the optical communication apparatus 110_c
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communicate with each other via the transmission/reception
port 113_2a of the optical communication apparatus 110_a
and a transmission/reception port 113_1c¢ of the optical
communication apparatus 110_c. The optical communica-
tion apparatus 110_»b and the optical communication appa-
ratus 110 ¢ communicate with each other via a transmission/
reception port 113_25 of the optical commumnication
apparatus 110_5b and a transmission/reception port 113_2c¢ of
the optical communication apparatus 110_c.

While the case in which the transmission capacity among,
the optical communication apparatuses 110_a to 110_c 1s
50% of the maximum transmission capacity i1s shown in
FIG. 4, the transmission capacity among the optical com-
munication apparatuses 110_a to 110_c may be flexibly set
by changing the number of transceiver units connected to the
transmission/reception ports using the switch units 112_a to
112_c.

According to the present invention described in this
exemplary embodiment, 1t 1s possible to provide the optical
transmission apparatus and the optical transmission method
capable of efliciently allocating the resources 1n the optical
communication network.

Second Exemplary Embodiment

Next, a second exemplary embodiment of the present
invention will be described. In the second exemplary
embodiment, detailed configurations of the optical transmis-
sion apparatus 1_1 described 1n the first exemplary embodi-
ment will be described. FIG. 5 1s a block diagram showing
an optical transmission apparatus 1_2 according to the
second exemplary embodiment. As shown i FIG. 5, the
optical transmission apparatus 1_2 according to this exem-
plary embodiment includes a plurality of sub-carrier trans-
mission units 11_1 to 11_m, an output unit 12, and trans-
mission ports 13_1 and 13_2.

The plurality of sub-carrier transmission units 11_1 to
11_m are supplied with transmission data. The plurality of
sub-carrier transmission units (SCS_1 to SCS_m) 11_1 to
11_m respectively generate optical transmission signals
21 1 to 21_m to transmit transmission data. The symbol m
1s an 1integer equal to or greater than 2 and corresponds to the
number of sub-carrier transmission units. The optical trans-
mission signals 21_1 to 21_m are signals to transmit the
transmission data using sub-carriers. For example, the sub-
carrier transmission unit 11_1 generates the optical trans-
mission signal 21_1 using a sub-carrier SC1 that corre-
sponds to the sub-carrier transmission unit 11_1. Further, the
sub-carrier transmission unit 11_2 generates the optical
transmission signal 21_2 using a sub-carrier SC2 that cor-
responds to the sub-carrier transmission umt 11_2. In this
way, the sub-carrier transmission units 11_1 to 11_m respec-
tively generate the optical transmission signals 21_1 to
21 _m using the sub-carriers SC1 to SCm respectively cor-
responding to the sub-carrier transmission units 11_1 to
11 _m.

The optical transmission signals 21_1 to 21_m (in other
words, sub-carriers SC1 to SCm used when the optical
transmission signals 21_1 to 21_m are generated) can be set
using a predetermined parameter. At thus time, the param-
cters of the respective optical transmission signals 21_1 to
21 _m are allocated 1n such a way that they do not overlap
cach other. When a plurality of parameters are used as a
predetermined parameter, the optical transmission signals
21 _1to 21_m are arranged 1n such a way they do not overlap
cach other on a matrix having a plurality of parameters as
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axes. For example, the predetermined parameter 1s at least
one of a wavelength, a polarization, and a time.

FIGS. 6 and 7 are diagrams each describing an arrange-
ment of the sub-carriers. FIG. 6 shows one example of the
arrangement ol the sub-carriers when the wavelength and
the time are used as the predetermined parameter. In the case
shown 1n FIG. 6, when each of the sub-carriers SC1 to SC4
1s arranged on a matrix 1n which an X axis represents the
wavelength and a Y axis represents the time (in this case,
XY-plane), the sub-carriers SC1 to SC4 are arranged so that
they do not overlap with one another on the matrix plane. In
the example shown in FIG. 6, the wavelengths of the
sub-carriers SC1 to SC4 are respectively set to Al to A4 and
turther the sub-carriers SC1 to SC4 are time-divided by time
tl to t4. That 1s, the sub-carrier SC1 can be set using a
parameter (A1, t1), the sub-carrier SC2 can be set using a
parameter (A2, t2), the sub-carrier SC3 can be set using a
parameter (A3, t3), and the sub-carrier SC4 can be set using,
a parameter (A4, t4).

Further, FIG. 7 shows one example of the arrangement of
the sub-carriers when the wavelength and the polarization
are used as the predetermined parameter. In the case shown
in FIG. 7, when the sub-carriers SC1 to SC4 are arranged on
a matrix 1 which an X axis represents the wavelength and
a Y axis represents the polarization (1n this case, XY-plane),
the sub-carriers SC1 to SC4 are arranged so that they do not
overlap with one another on the matrix plane. In the example
shown 1n FIG. 7, the wavelengths of the sub-carriers SC1 to
SC4 are respectively set to Al to A4 and further the polar-
ization of each of the sub-carriers SC1 to SC4 1s set to one
of an X-polarization and a Y-polarization. That 1s, the
sub-carrier SC1 can be set using the parameter (A1, X-po-
larization), the sub-carrier SC2 can be set using the param-
cter (A2, Y-polarization), the sub-carrier SC3 can be set
using the parameter (A3, X-polarization), and the sub-carrier
SC4 can be set using the parameter (A4, Y-polarization).

As described above, by allocating the parameters of the
optical transmission signals 21_1 to 21_m 1n such a way that
they do not overlap with one another, 1t 1s possible to reduce
the influence of the mutual interference among the sub-
carriers. While the case 1n which the respective sub-carriers
have been set using two parameters have been described in
FIGS. 6 and 7, the respective sub-carriers may be set using
three or more parameters 1n this exemplary embodiment.

When the wavelength 1s included as the above parameter,
the plurality of sub-carrier transmission units 11_1 to 11_sm
may include light sources (light sources that output light
having a single wavelength (not shown)) to generate the
sub-carriers SC1 to SCm, respectively. For example, the
light source can be formed of a laser diode.

Further, the sub-carrier transmission units 11 _1 to 11 _m
may respectively modulate the optical transmission signals
21 1 to 21_m using a predetermined modulation system.
The modulation system may be, for example, amplitude shiit
keying (ASK), frequency shift keying (FSK), phase shiit
keying (PSK), quadrature amplitude modulation (QAM), or
quadri-phase shift keying (QPSK). The quadrature ampli-
tude modulation (QAM) may be, for example, 16-QAM,.,
64-QAM, 128-QAM, or 256-QAM.

The output unit 12 selectively outputs the optical trans-
mission signals 21_1 to 21_m respectively output from the
plurality of sub-carrier transmission units 11_1 to 11_m to
the plurality of transmission ports (PS_1, PS_2) 13_1 and
13_2. The transmission ports 13_1 and 13_2 respectively
correspond to the first path 26_1 and the second path 26_2
described in the first exemplary embodiment. At this time,
the output unit 12 outputs an optical transmission signal

5

10

15

20

25

30

35

40

45

50

55

60

65

12

22 1 in which a plurality of optical transmission signals are
multiplexed to the transmission port 13_1. For example,
when the output unit 12 outputs the optical transmission
signals 21_1 to 21_3 to the transmission port 13_1, the
optical transmission signal 22_1 1n which the optical trans-
mission signals 21_1 to 21_5 are multiplexed 1s output to the
transmission port 13_1. In a similar way, the output umt 12
outputs an optical transmission signal 22 2 in which a
plurality of optical transmission signals are multiplexed to
the transmission port 13_2. For example, when the output
unit 12 outputs the optical transmission signals 21_6 to
21 10 to the transmission port 13_2, the optical transmis-
sion signal 22_2 in which the optical transmission signals
21_6 to 21_10 are multiplexed 1s output to the transmission
port 13_2.

The output unmit 12 1s able to arbitrarily and dynamaically
switch the optical transmission signals 21_1 to 21_m to be
supplied to the transmission ports 13_1 and 13_2. For
example, the output umit 12 1s controlled using control
means (not shown).

The plurality of transmission ports 13_1 and 13_2 are
configured to be able to transmit the optical transmission
signals 22_1 and 22_2 output from the output unit 12 (in
other words, the optical transmission signals 21_1 to 21_m
output from the sub-carrier transmission units 11_1 to
11_m). That 1s, the transmission port 13_1 outputs an optical
transmission signal 23_1 (same as the optical transmission
signal 22_1) to the first optical reception apparatus (not
shown), which 1s a connection destination. Further, the
transmission port 13_2 outputs an optical transmission sig-
nal 23_2 (same as the optical transmission signal 22_2) to
the second optical reception apparatus (not shown), which 1s
a connection destination.

In this exemplary embodiment, the case in which the
optical transmission apparatus 1_2 includes two transmis-
sion ports 13_1 and 13_2 has been described as an example.
However, the number of transmission ports included 1n the
optical transmission apparatus 1_2 may be three or more.
When the number of transmission ports 1s three or more, the
output unit 12 1s able to selectively output the optical
transmission signals 21_1 to 21_m respectively output from
the plurality of sub-carner transmission units 11_1 to 11_m
to the three or more transmission ports.

As described above, 1n the optical transmission apparatus
according to this exemplary embodiment, as shown in FIG.
5, the plurality of transmission ports 13_1 and 13_2 and the
output unit 12 are provided and the optical transmission
signals 21_1 to 21_m respectively output from the plurality
of sub-carrier transmission units 11 1 to 11 m are selec-
tively output to the transmission ports 13_1 and 13_2 using
the output unit 12. Accordingly, when there 1s a sub-carrier
transmission umt 11_ that 1s not used while data 1s being
transmitted to the first optical reception apparatus (not
shown) via the transmission port 13_1, for example, data can
be transmitted to the second optical reception apparatus (not
shown) via the transmission port 13_2 using the unused
sub-carrier transmission unit 11 .

Further, by dynamically changing the optical transmission
signals 21_1 to 21_m to be supplied to the transmission ports
13_1 and 13_2 using the output unit 12, 1t 1s possible to
dynamically adjust the transmission capacity 1n the commu-
nication via the transmission port 13_1 and the transmission
capacity i1n the communication via the transmission port
13_2.

According to the present invention described in this
exemplary embodiment, it 1s possible to provide the optical
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transmission apparatus and the optical transmission method
capable of efliciently allocating the resources in the optical
communication network.

Third Exemplary Embodiment

Next, a third exemplary embodiment of the present inven-
tion will be described. FIG. 8 1s a block diagram showing an
optical transmission apparatus 1_3 according to this exem-
plary embodiment. The optical transmission apparatus 1_3
according to this exemplary embodiment 1s different from
the optical transmission apparatus 1_2 according to the
second exemplary embodiment 1n that the optical transmis-
s1on apparatus 1_3 according to this exemplary embodiment
includes a light source 14, a sub-carrier generation unit 15,
and a signal converter 16. Since the other configurations are
similar to those of the optical transmission apparatus 1_2
described 1n the second exemplary embodiment, the same
components are denoted by the same reference symbols and
overlapping descriptions will be omatted.

As shown 1n FIG. 8, the optical transmission apparatus
1_3 according to this exemplary embodiment includes a
plurality of sub-carrier transmission units 11'_1 to 11'_m, an
output unit 12, transmission ports 13_1 and 13_2, a light
source 14, a sub-carrier generation unit 15, and a signal
converter 16.

The light source 14 1s a light source that outputs a single
carrier C1 (light having a single wavelength) and may be
formed of, for example, a laser diode. The carrier C1
generated by the light source 14 1s output to the sub-carrier
generation unit 15.

The sub-carrier generation unit 15 generates a plurality of
sub-carriers SC1 to SCm using the carrier C1 generated 1n
the light source 14 and supplies the sub-carriers SC1 to SCm
that have been generated to the sub-carrier transmission
units 11'_1 to 11'_m, respectively. At this time, the sub-
carrier generation unit 15 may generate the plurality of
sub-carriers SC1 to SCm by modulating the carner C1
generated 1n the light source 14 using a predetermined
modulation system.

For example, the sub-carrier generation unit 15 may
generate the plurality of sub-carriers SC1 to SCm that are
perpendicular to each other by modulating the carrier C1
generated 1n the light source 14 using orthogonal frequency
division multiplexing (OFDM). Alternatively, the sub-car-
rier generation unit 15 may generate the plurality of sub-
carriers SC1 to SCm using a Nyquist WDM system. By
generating the plurality of sub-carriers SC1 to SCm using
the OFDM system or the Nyquist WDM system as stated
above, 1t 1s possible to narrow down the frequency intervals
to symbol rate intervals and to improve the frequency use
clliciency 1n the communication using the SuperChannel
technology.

When the sub-carriers are generated using light sources
included in the respective sub-carrier transmission units
11_1 to 11_m (see the second exemplary embodiment), for
example, the mtervals between the sub-carners SC1 to SC4
become wide, as shown 1n FIG. 9. On the other hand, when
the sub-carriers are generated by modulating the carrier C1
generated by the light source 14 1n the OFDM system as 1n
this exemplary embodiment, as shown i FIG. 10, the
intervals between the sub-carriers SC1 to SC4 become
narrower than those shown 1n FIG. 9, whereby it 1s possible
to enhance the frequency use etliciency.

At this time, 1t 1s preferable that the intervals between the
sub-carriers SC1 to SCm be constant. That 1s, when the
wavelength 1intervals between the respective sub-carriers
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SC1 to SCm vary, 1t 1s required to consider the change in the
wavelengths of the respective sub-carriers SC1 to SCm. In
this case, the frequency use etliciency 1s reduced. Therelore,
in the optical transmission apparatus 1_3 according to this
exemplary embodiment, a single light source 1s used as the
light source 14. It 1s therefore possible to make the intervals
of the respective sub-carriers SC1 to SCm become constant.

The signal converter 16 serial-parallel converts transmis-
s1ion data DS1 and DS2 that have been input and outputs data
DP1 to DPm obtained by senal-parallel converting the
transmission data DS1 and DS2 to the sub-carrier transmis-
sion units 11'_1 to 11'_m, respectively. The sub-carrier
transmission unit 11'_1 generates an optical transmission
signal 21_1 to transmit the data DP1 using the sub-carrier
SC1. The sub-carrier transmission unit 11'_2 generates an
optical transmission signal 21_2 to transmit the data DP2
using the sub-carrier SC2. In this way, the sub-carrier
transmission unit 11'_m generates the optical transmission
signal 21_m to transmit the data DPm using the sub-carrier
SCm.

Accordingly, 1n the optical transmission apparatus 1_3
according to this exemplary embodiment, the plurality of
sub-carrier transmission units 11' 1 to 11' m are able to
transmit the transmission data DP1 to DPm 1n parallel using
the sub-carriers SC1 to SCm respectively corresponding to
the sub-carrier transmission units 11' 1 to 11' .

That 1s, the respective sub-carrier transmission units of
the plurality of sub-carrer transmission units 11'_1 to 11'_m
that transmit the optical transmission signal 22_1 via the
transmission port 13_1 are able to transmit the first data in
parallel. Further, the respective sub-carrier transmission
units of the plurality of sub-carrier transmission umts 11'_1
to 11'_m that transmit the optical transmission signal 22_2
via the transmission port 13_2 are able to transmit the
second data in parallel.

Specifically, 1t 1s assumed, for example, that the optical
transmission apparatus 1_3 includes the sub-carrier trans-
mission units 11' 1 to 11' 10 and the sub-carrier transmis-
sion units 11' 1 to 11' 6 of the sub-carrier transmission units
11' 1 to 11' 10 transmit the first data DS1 via the transmis-
sion port 13_1. It 1s further assumed that the sub-carrier
transmission units 11' 7 to 11' 10 transmit the second data
DS2 via the transmission port 13_2.

In this case, the signal converter 16 serial-parallel con-
verts the first data DS1 that has been mput and outputs the
first data DP1 to DP6 obtained by serial-parallel converting
the first data DS1 to the sub-carrier transmission units 11' 1
to 11'_6, respectively. The sub-carrier transmission units
11'_1 to 11'_6 respectively generate the optical transmission
signals 21_1 to 21_6 to transmit the first data DP1 to DP6
using the sub-carriers SC1 to SC6, respectively. The output
unit 12 outputs the optical transmission signals 21_1to 21_6
that have been generated to the transmission port 13_1.
Accordingly, the multiplexed optical transmission signal
22 1 1s output from the transmission port 13_1. Therelore,
the sub-carrier transmission units 11' 1 to 11' 6 are able to
transmit the first data DS1 that has been serial-parallel
converted via the transmission port 13_1 in parallel. At this
time, the data width of the transmission data transmitted via
the transmission port 13_1 corresponds to the number of
sub-carrier transmission units 11' 1 to 11' 6 connected to
the transmission port 13_1 (that 1s, data DP1 to DPé).

Further, the signal converter 16 serial-parallel converts
the second data DS2 that has been input and outputs the
second data DP7 to DP10 obtained by serial-parallel con-
verting the second data DS2 to the sub-carrier transmission
units 11'_7 to 11'_10, respectively. The sub-carrier transmis-
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sion units 11'_7 to 11'_10 respectively generate the optical
transmission signals 21_7 to 21_10 to transmit the second

data DP7 to DP10 using the sub-carriers SC7 to SC10,
respectively. The output unit 12 outputs the optical trans-
mission signals 21_7 to 21_10 that have been generated to
the transmission port 13_2. Accordingly, the multiplexed
optical transmission signal 22_2 1s output from the trans-
mission port 13_2. Therefore, the sub-carrier transmission
units 11' 7 to 11' 10 are able to transmit the second data
DS2 that has been senal-parallel converted via the trans-
mission port 13_2 1n parallel. At this time, the data width of
the transmission data transmitted via the transmission port
13_2 corresponds to the number of sub-carrier transmission
units 11'_7 to 11'_10 connected to the transmission port 13_2
(that 1s, data DP7 to DPO).

The data width of the transmission data transmitted via
the transmission port 13_1 and the data width of the trans-
mission data transmitted via the transmission port 13_2 can
be adjusted by changing the output destinations of the
respective optical transmission signals 21_1 to 21_m output
from the plurality of sub-carrier transmission units 11'_1 to
11'_m using the output unit 12.

According to the present ivention described in this
exemplary embodiment, it 1s possible to provide the optical
transmission apparatus and the optical transmission method
capable of efliciently allocating the resources 1n the optical
communication network.

Fourth Exemplary Embodiment

Next, a fourth exemplary embodiment of the present
invention will be described. FIG. 11 1s a block diagram
showing an optical transmission apparatus 14 according to
this exemplary embodiment. In the optical transmission
apparatus 14 according to this exemplary embodiment, a
specific configuration example of the output unit 12 included
in the optical transmission apparatuses 1_1 to 1_3 described
in the first to third exemplary embodiments 1s shown. Since
the other configurations are similar to those of the optical
transmission apparatuses 1_1 to 1_3 described 1n the first to
third exemplary embodiments, the same components are
denoted by the same reference symbols and overlapping
descriptions will be omatted.

As shown 1n FIG. 11, an output unit 12_1 included 1n the
optical transmission apparatus 1_4 according to this exem-
plary embodiment includes a switch unit 30 and optical
multiplexers 31_1 and 31_2. The switch unit 30 switches the
output destinations of the optical transmission signals 21_1
to 21_m respectively output from the sub-carrier transmis-
sion umts 11_1 to 11_m to one of the optical multiplexer
31_1 and the optical multiplexer 31_2. The switch umt 30
may be formed, for example, using an optical matrix switch
having m mnputs and mx2 outputs. Here, the m inputs of the
switch unit 30 correspond to the number of optical trans-
mission signals 21_1 to 21_m. For example, the switch unit
30 1s controlled using control means (not shown).

The plurality of optical multiplexers 31_1 and 31_2 are
provided to correspond to the transmission ports 13_1 and
13_2, respectively, and multiplex the optical transmission
signals 21_1 to 21_m output from the switch umt 30. That
1s, the optical multiplexer 31_1 multiplexes the optical
transmission signals output from the switch unit 30 to
produce a multiplexed optical transmission signal 22_1 and
outputs the multiplexed optical transmission signal 22_1 to
the transmission port 13_1. In a similar way, the optical
multiplexer 31_2 multiplexes the optical transmission sig-
nals output from the switch unit 30 to produce a multiplexed
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optical transmission signal 22_2 and outputs the multiplexed
optical transmission signal 22_2 to the transmission port
13_2.

As described above, 1n the optical transmission apparatus
1_4 according to this exemplary embodiment, the output
unmit 12_1 1s formed using the switch unit 30 and the optical
multiplexers 31_1 and 31_2. It 1s therefore possible to
dynamically switch the optical transmission signals 21_1 to
21_m to be supplied to the transmission ports 13_1 and
13_2.

The switch unit 30 may include a plurality of optical
switches SW_1 to SW_m as shown 1n an output unmit 12_2
included 1n an optical transmission apparatus 15 shown 1n
FIG. 12. In this case, the plurality of optical switches SW_1
to SW_m are provided to correspond to the sub-carrier
transmission units 11_1 to 1_m, respectively, and switch the
output destinations of the optical transmission signals 21_1
to 21_m respectively output from the sub-carrier transmis-
sion units 11_1 to 11_m to the optical multiplexer 31_1 or
the optical multiplexer 31_2.

For example, the optical switch SW_1 1s provided to
correspond to the sub-carrier transmission unit 11_1 and
outputs the optical transmission signal 21_1 output from the
sub-carrier transmission unit 11_1 to one of the optical
multiplexer 31_1 and the optical multiplexer 31_2. The
optical switch SW_2 1s provided to correspond to the
sub-carrier transmission unit 11_2 and outputs the optical
transmission signal 21_2 output from the sub-carrier trans-
mission unit 11_2 to one of the optical multiplexer 31_1 and
the optical multiplexer 31_2. The optical switches SW_1 to
SW_m are controlled using control means (not shown).

Further, the output unit may include an optical multi-
plexer 32 and an optical demultiplexer 33 as shown 1n an
output unit 12_3 included 1n an optical transmission appa-
ratus 16 shown in FIG. 13. In this case, the optical multi-
plexer 32 multiplexes the optical transmission signals 21_1
to 21_m respectively output from the sub-carrier transmis-
sion units 11_1 to 11_m to produce a multiplexed optical
signal 25 and outputs the multiplexed optical signal 235 to the
optical demultiplexer 33. The optical demultiplexer 33
selectively outputs the respective optical transmission sig-
nals 21_1 to 21_m included in the multiplexed optical signal
235 output from the optical multiplexer 32 to the transmission
port 13_1 or 13_2.

For example, the optical demultiplexer 33 outputs the
optical transmission signal 21_1 included in the multiplexed
optical signal 25 to one of the transmission port 13_1 and the
transmission port 13_2. Further, the optical demultiplexer 33
outputs the optical transmission signal 21_2 included in the
multiplexed optical signal 25 to one of the transmaission port
13_1 and the transmission port 13_2.

For example, the optical demultiplexer 33 may selectively
output the respective optical transmission signals 21_1 to
21 _m included 1n the multiplexed optical signal 25 to the
transmission port 13_1 or 13_2 according to the wavelength.

Fiith Exemplary Embodiment

Next, a fifth exemplary embodiment according to the
present mmvention will be described. FIG. 14 1s a block
diagram showing an optical reception apparatus 2_1 accord-
ing to the fifth exemplary embodiment. As shown 1n FIG. 14,
the optical reception apparatus 2_1 according to this exem-
plary embodiment includes a switch unit 42, a first reception
umit 43 _1, and a second reception unit 43_2. In the following
description, the first and second reception units may be
referred to as sub-carrier reception units.
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The switch unit 42 receirves optical reception signals 51_1
and 51_2 that have been imput and selectively outputs
sub-carrier reception signals 52_1 and 52_2 included therein
to the first reception unit 43_1 and the second reception unit
43_2. In other words, the switch unit 42 1s able to arbitrarily
and dynamically switch the output destinations (first and
second reception umts 43_1 and 43_2) of the sub-carrier
reception signals included in the optical reception signals
51_1 and 51_2. For example, the switch unit 42 1s controlled
using control means (not shown).

The first reception unit 43_1 receives data transmitted
using the sub-carrier reception signal 52_1. The second
reception unit 43_2 receives data transmitted using the
sub-carrier reception signal 52_2. The first reception unit
43 1 and the second reception unit 43_2 include detectors
(not shown) to detect the sub-carrier reception signals 52_1
and 52_2, respectively. Each of the detectors may include a
local oscillator.

In the optical reception apparatus 2_1 according to this
exemplary embodiment, when the first sub-carrier reception
signal 52_1 and the second sub-carrier reception signal 52_2
share the set of information, the switch unit 42 receives the
first sub-carrier reception signal 532_1 and the second sub-
carrier reception signal 52_2 via one path. For example, the
switch unit 42 1s able to receive the first sub-carrier reception
signal 52_1 and the second sub-carrier reception signal 52_2
via one path by receiving the optical reception signal 51_1
including the first sub-carrier reception signal 52_1 and the
second sub-carrier reception signal 52_2. At this time, the
switch unit 42 outputs the first sub-carrier reception signal
52 1 to the first reception unit 43_1 and the second sub-
carrier reception signal 52_2 to the second reception unit
43_2.

On the other hand, when the first sub-carrier reception
signal 52_1 and the second sub-carrier reception signal 52_2
do not share the set of information, the switch unit 42
receives the first sub-carrier reception signal 52_1 and the
second sub-carrier reception signal 32_2 via paths different
from each other. For example, when the optical reception
signal 51_1 includes the first sub-carrier reception signal
52 1 and the optical reception signal 51_2 includes the
second sub-carrier reception signal 522, the switch unit 42
1s able to receive the first sub-carrier reception signal 52_1
and the second sub-carrier reception signal 52_2 via paths
different from each other by receiving the optical reception
signal 51_1 and the optical reception signal 51_2. At this
time, the switch unit 42 outputs the first sub-carrier reception
signal to the first reception unmit 43_1 and the second
sub-carrier reception signal to the second reception unit
43 2.

The case in which the first sub-carrier reception signal
52 1 and the second sub-carrier reception signal 52_2 share
the set of information includes, for example, a case 1n which
desired data 1s transmitted 1n parallel using the first sub-
carrier reception signal 52_1 and the second sub-carrier
reception signal 52_2.

On the other hand, the case in which the first sub-carrier
reception signal 52_1 and the second sub-carrier reception
signal 52_2 do not share the set of information includes, for
example, a case i which the first sub-carrier reception
signal 52_1 and the second sub-carrier reception signal 52_2
independently transmit desired data (e.g., a case 1n which a
first optical transmission apparatus (not shown) transmits the
first data using the first sub-carrier reception signal 52_1 and
a second optical transmission apparatus (not shown) trans-
mits the second data to the second sub-carrier reception
signal 52_2). At thus time, the optical reception apparatus
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2 1 receives the first sub-carrier reception signal 52_1
transmitted from the first optical transmaission apparatus (not

shown) via the first path and the second sub-carrier reception
signal 52_2 transmitted from the second optical transmission
apparatus (not shown) via the second path.

As described above, 1n the optical reception apparatus 2_1
according to this exemplary embodiment, the first sub-
carrier reception signal 52_1 and the second sub-carrier
reception signal 52_2 are selectively output to the first
reception unit 43_1 and the second reception unit 43_2 using
the switch unit 42.

Due to the reason same as that described in the first
exemplary embodiment, 1t 1s possible to provide the optical
reception apparatus and the optical reception method
capable of efliciently allocating the resources 1n the optical
communication network.

Sixth Exemplary Embodiment

Next, a sixth exemplary embodiment of the present inven-

tion will be described. FIG. 15 1s a block diagram showing
an optical reception apparatus 2_2 according to the sixth
exemplary embodiment. In the sixth exemplary embodi-
ment, detailed configurations of the optical reception appa-
ratus 2_1 described 1n the fifth exemplary embodiment wall
be described. As shown in FIG. 15, the optical reception
apparatus 2_2 according to this exemplary embodiment
includes a plurality of reception ports 41_1 and 41_2, a
switch unit 42, sub-carrier reception units 43_1 to 43_m, and
a signal processing unit 45.
The plurality of reception ports (PR_1 and PR_2) 41_1
and 41_2 receive multiplexed optical reception signals 50_1
and 50_2 supplied to the optical reception apparatus 2_2,
respectively, and output optical reception signals 51_1 and
51 2 that have been received to the switch unit 42. The
reception ports 41_1 and 41_2 are able to respectively
receive the optical reception signals 50_1 and 50_2 trans-
mitted from optical transmission apparatuses diflerent from
cach other. For example, the reception port 41_1 1s able to
receive the optical reception signal 50_1 transmitted from
the first optical transmission apparatus (not shown) and the
reception port 41_2 1s able to receive the optical reception
signal 50_2 transmitted from the second optical transmission
apparatus (not shown).

The switch unit 42 selectively outputs sub-carrier recep-
tion signals 52_1 to 52_m included in the optical reception
signals 31_1 and 51_2 recerved by the plurality of reception
ports 41_1 and 41_2 to the plurality of sub-carrier reception
units (SCR_1 to SCR_m) 43_1 to 43_m, respectively. In
other words, the optical reception signals 51_1 and 51_2 that
have been multiplexed are separated into the sub-carrier
reception signals 52_1 to 52_m in the switch unit 42. The
sub-carrier reception signals 32 1 to 52_m that have been
separated are output to the sub-carrier reception units 43_1
to 43_m respectively corresponding to the sub-carrier recep-
tion signals 52_1 to 52_m (that 1s, the sub-carrier reception
units that can receive the sub-carrier reception signals hav-
ing wavelengths different from one another). At this time,
one sub-carrier reception signal 52_m 1s input to one sub-
carrier reception unit 43_m.

The switch unit 42 1s able to arbitrarily and dynamically
switch the output destinations (sub-carrier reception units
43_1 to 43_m) of the respective sub-carrier reception signals
52 1 to 52_m. For example, the switch unit 42 1s controlled
using control means (not shown).

The sub-carrier reception unit 43_1 receives data trans-
mitted using the sub-carrier reception signal 52_1. The
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sub-carrier reception unit 43_2 receives data transmitted
using the sub-carrier reception signal 52_2. In this way, the
sub-carrier reception unit 43_m receives data transmitted
using the sub-carrier reception signal 52_m. The sub-carrier
reception units 43_1 to 43_m 1nclude detectors (not shown)
to respectively detect the sub-carrier reception signals 52_1
to 52_m. Each of the detectors may include a local oscillator.
That 1s, the sub-carrier reception units 43_1 to 43_m are able
to receive the sub-carrier reception signals 52_1 to 52_m
respectively corresponding to the sub-carrier reception units
43_1 to 43_m by making the local oscillation light generated
in the respective local oscillators and the sub-carrier recep-
tion signals 32_1 to 52_m that have been input interfere with
cach other.

The sub-carrier reception signals 52_1 to 52_m may be
modulated using a predetermined modulation system. In this
case, the sub-carrier reception units 43_1 to 43_m 1nclude
circuits for reading out data from the sub-carrier reception
signals 52_1 to 52_m modulated by a predetermined modu-
lation system. The predetermined modulation system may
include, for example, amplitude shiit keying (ASK), fre-
quency shift keying (FSK), phase shift keying (PSK),
quadrature amplitude modulation (QAM), or quadri-phase
shift keying (QPSK). Quadrature amplitude modulation
(QAM) may be, for example, 16-QAM, 64-QAM, 128-
QAM, or 256-QAM.

Further, 1n the optical reception apparatus 2_2 according
to this exemplary embodiment, the sub-carrier reception
units of the plurality of sub-carrier reception units 43_1 to
43 _m that have received the sub-carrier reception signal
(optical reception signal 50_1) via the reception port 41_1
are able to receive the first data that has been serial-parallel
converted 1n parallel. Further, the sub-carrier reception units
of the plurality of sub-carrier reception units 43_1 to 43_m
that have recerved the sub-carrier reception signal (optical
reception signal 50_2) via the second reception port 41_2
are able to receive the second data that has been serial-
parallel converted. In other words, the respective sub-carrier
reception signals included in the optical reception signal
50_1 received via the reception port 41_1 share the set of
information. Further, the respective sub-carrier reception
signals included i1n the optical reception signal 50_2
received via the reception port 41_2 share the set of infor-
mation.

Specifically, 1t 1s assumed, for example, that the optical
reception apparatus 2_2 includes sub-carrier reception units
43 1 to 43_10 and the sub-carrier reception units 43_1 to
43_6 of the sub-carrier reception units 43_1 to 43_10
receive the first data via the reception port 41_1. It 1s further
assumed that the sub-carrier reception umts 43_7 to 43_10
receive the second data via the reception port 41_2.

In this case, the optical reception apparatus 2_2 receives
the optical reception signal 50_1 transmitted from the first
optical transmission apparatus (not shown) via the reception
port 41_1. The sub-carrier reception umts 43_1 to 43_6
respectively receive sub-carrier reception signals 32_1 to
526 included 1n the optical reception signal 50_1, whereby
it 1s possible to receive the first data (data serial-parallel
converted by the first optical transmission apparatus) 1n
parallel. The first data that has been transmaitted 1n parallel
can be converted nto serial data by the signal processing
unit 45 provided in the latter stage.

In a stmilar way, the optical reception apparatus 2_2
receives the optical reception signal 50_2 transmitted from
the second optical transmission apparatus (not shown) via
the reception port 41_2. The sub-carrier reception units 43_7
to 43_10 respectively recerve the sub-carrier reception sig-
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nals 52_7 to 52_10 included in the optical reception signal
50_2, whereby 1t 1s possible to receive the second data (data
that has been serial-parallel converted by the second optical
transmission apparatus) in parallel. The second data that has
been transmitted in parallel can be converted 1nto serial data
by the signal processing unit 45 provided 1n the latter stage.

For example, each of the sub-carrier reception units 43_1
to 43_m 1ncludes a photoelectric converter (not shown). The
respective photoelectric converters convert the sub-carrier
reception signals 32_1 to 52_m to electric signals and
output the electric signals to the signal processing unit 45 as
reception signals 53_1 to 33_m. A photodiode may be used,
for example, as the photoelectric converter.

The signal processing unit 45 performs predetermined
processing on the reception signals 53_1 to 53_m output
from the sub-carrier reception units 43_1 to 43_m to gen-
crate data. Further, the signal processing unit 45 may com-
pensate for the itluence of mutual interference among the
sub-carrier reception signals 32 1 to 52_m. That 1s, by
concurrently processing the sub-carrier reception units 43 _1
to 43_m 1n the signal processing unit 45, compensation of
crosstalk and compensation of a non-linear optical eflect
(e.g., cross-phase modulation (XPM), four wave mixing
(FWM)) may be carried out, for example. For example, the
signal processing unit 45 may compensate for the influence
of the mutual interference among the sub-carrier reception
signals 52_1 to 52 _m by controlling the local oscillators
included in the respective sub-carrier reception units 43_1 to
43 m according to the sub-carrier reception signals 52_1 to
d2_m.

In the SuperChannel technology, the plurality of wave-
lengths (sub-carriers) are used in the bandwidth of one
channel and the wavelengths are multiplexed with a high
density. Therefore, there 1s a large influence of the mutual
interference among the sub-carriers. In the optical reception
apparatus according to this exemplary embodiment, the
plurality of different sub-carriers are received by one optical
reception apparatus and the neighboring sub-carriers that
have an influence on one sub-carrier can be concurrently
monitored. It 1s therefore possible to set compensation
parameters for compensating for the influence of the mutual
interference among the sub-carrier reception signals.

In this exemplary embodiment, the case in which the
optical reception apparatus 2_2 includes two reception ports
41 1 and 41 2 has been described. However, the number of
reception ports icluded in the optical reception apparatus
2_2 may be three or more.

Similar to the case described 1n the first exemplary
embodiment, 11 the optical reception apparatus includes only
one reception port, the following problem occurs. That 1s, 1f
there are unused sub-carrier reception units while the optical
reception apparatus 1s receiving data from the first optical
transmission apparatus (not shown) via one reception port,
the unused sub-carrier reception units cannot be used and the
resources are wasted. That 1s, when there 1s only one
reception port, 1t 1s impossible to receive data from another
optical transmission apparatus using the unused sub-carrier
reception units and the unused sub-carrier reception units are
wasted.

In the optical reception apparatus 2_2 according to this
exemplary embodiment, as shown in FIG. 15, the plurality
of reception ports 41_1 and 41_2 and the switch unit 42 are
provided and the sub-carrier reception signals 32 1 to 52_m
included in the optical reception signals 31_1 and 51_2
received by the plurality of reception ports 41_1 and 41_2
are selectively output to the plurality of sub-carrier reception
units 43_1 to 43_m using the switch umt 42. Therefore,
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when there are unused sub-carrier reception units, for
example, 1t 1s possible to receive the optical reception signal
from another optical transmission apparatus (not shown) via
a Iree reception port and the unused sub-carrier reception
units are able to receive the data using this optical reception
signal.

While the case 1n which one sub-carrier reception signal
52 m 1s mput to one sub-carrier reception unit 43_m has
been described above, the optical reception apparatus 2_2
according to this exemplary embodiment may be configured
in such a way that a plurality of sub-carrier reception signals
are put to one sub-carrier reception unit 43_m and one
sub-carrier reception umt 43_m selectively receives the
plurality of sub-carrier reception signals. In this case, by
providing a local oscillator (not shown) i each of the
sub-carrier reception units 43_1 to 43_m and making the
local oscillation light having specific wavelengths output
from the local oscillators and the plurality of sub-carrier
reception signals (multiplexed sub-carrier reception signal)
that have been 1nput interfere with each other, it 1s possible
to selectively receive a predetermined sub-carrier reception
signal (1.e., sub-carrier reception signal corresponding to a
particular wavelength) from the plurality of sub-carrier
reception signals. In this way, by allowing the plurality of
sub-carrier reception signals to be input to one sub-carrier
reception unit 43_sm, it 1s possible to simplity the configu-
ration of the switch unit 42.

According to the present invention described in this
exemplary embodiment, 1t 1s possible to provide the optical
reception apparatus and the optical reception method

capable of efliciently allocating the resources in the optical
communication network.

Seventh Exemplary Embodiment

Next, a seventh exemplary embodiment of the present
invention will be described. FIG. 16 1s a block diagram
showing an optical reception apparatus 2_3 according to this
exemplary embodiment. The optical reception apparatus 2_3
according to this exemplary embodiment 1s different from
the optical reception apparatus 2_2 according to the sixth
exemplary embodiment i1n that a plurality of sub-carrier
reception units share a local oscillator (LO) 1n the optical
reception apparatus 2_3 according to this exemplary
embodiment. Since the other configurations are similar to
those of the optical reception apparatus 2_2 described 1n the
sixth exemplary embodiment, the same components are
denoted by the same reference symbols and overlapping
descriptions will be omitted.

As shown 1n FIG. 16, the optical reception apparatus 2_3
according to this exemplary embodiment includes a plurality
of reception ports 41_1 and 41_2, a switch unit 42, sub-
carrier reception units 43_1 to 43_6, local oscillators 44_1
and 44_2, and a signal processing umt 435. In the optical
reception apparatus 2_3 according to this exemplary
embodiment, a plurality of sub-carrier reception units share
a local oscillator. That 1s, the plurality of sub-carrier recep-
tion units 43 1 to 43 3 share the local oscillator 44 1.
Further, the plurality of sub-carrier reception unmts 43_4 to
43_6 share the local oscillator 44_2. In the example shown
in FIG. 16, the number of sub-carrier reception units 1s 6
(m=6). However, the number of sub-carrier reception units
may be other than 6. In this case, the number of local
oscillators may be increased according to the number of
sub-carrier reception units. While the example 1n which the
three sub-carrier reception units share one local oscillator 1s
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shown 1n the example shown in FIG. 16, the number of
sub-carrier reception units that share one local oscillator
may be two or four or more.

The switch unit 42 selectively outputs the sub-carrier
reception signals 521 to 52_6 included in the optical
reception signals 51_1 and 51_2 received by the plurality of
reception ports 41_1 and 41_2 to the plurality of sub-carrier
reception units 43_1 to 43_6. In other words, the optical
reception signals 51_1 and 51_2 that have been multiplexed
are separated into the sub-carrier reception signals 52_1 to
52_6 in the switch unit 42. The sub-carrier reception signals
52 1 to 52_6 that have been separated are output to the
sub-carrier reception units 43_1 to 43_6 corresponding to
the sub-carrier reception signals 52_1 to 52_6, respectively.
At this time, one sub-carrier reception signal 1s mnput to one
sub-carrier reception unit.

The switch unit 42 1s able to arbitrarily and dynamaically
switch the output destinations of the respective sub-carrier
reception signals 52_1 to 52_6. For example, the switch unit
42 1s controlled using control means (not shown).

The sub-carrier reception units 43_1 to 43_6 respectively
receive data transmitted using the sub-carrier reception
signals 52_1to 52_6. The sub-carrier reception units 43_1 to
43_6 include detectors (not shown) to detect the sub-carrier
reception signals 52_1 to 52_6. At this time, the detectors
included in the sub-carrier reception units 43_1 to 43_6 may
perform detection using the local oscillation light output the
from local oscillators 44 1 and 44 2.

In summary, the sub-carrier reception units 43_1 to 43_3
are able to respectively detect the sub-carrier reception
signals 52_1 to 52_3 using the local oscillation light output
from the local oscillator 44 1. At this time, the local
oscillator 44_1 generates the local oscillation light having
wavelengths corresponding to the respective sub-carrier
reception signals 52_1 to 52_3 (wavelengths that interfere
with the respective sub-carrier reception signals 52_1 to
52_3). That 1s, when the wavelengths of the sub-carrier
reception signals 52_1 to 52_3 are close to each other, even
when the local oscillation light output from the local oscil-
lator 44 1 1s a local oscillation light having a single wave-
length, the sub-carrier reception signals 52_1 to 52_3 inter-
tere with the local oscillation light. Therefore, the sub-
carrier reception units 43_1 to 43_3 are able to respectively
detect the sub-carrier reception signals 52_1 to 52_3 using
the local oscillation light output from the local oscillator
44 1.

In a similar way, the sub-carrier reception units 43_4 to
43_6 are able to respectively detect the sub-carrier reception
signals 52_4 to 52_6 using the local oscillation light output
from the local oscillator 44 2. At this time, the local
oscillator 44_2 generates the local oscillation light having
wavelengths corresponding to the respective sub-carrier
reception signals 52_4 to 52_6 (wavelengths that interfere
with the respective sub-carrier reception signals 52 4 to
52 6). That 1s, when the wavelengths of the sub-carrier
reception signals 52_4 to 52_6 are close to each other, even
when the local oscillation light output from the local oscil-
lator 44_2 1s a local oscillation light having a single wave-
length, the sub-carrier reception signals 52_4 to 52_6 inter-
fere with the local oscillation light. Therefore, the sub-
carrier reception units 43_4 to 43_6 are able to respectively
detect the sub-carrier reception signals 52_4 to 32_6 using
the local oscillation light output from the local oscillator
44 2. For example, the local oscillators 44_1 and 44_2 may
be formed using laser diodes.

For example, each of the sub-carrier reception units 43_1
to 43_6 includes a photoelectric converter (not shown). The
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respective photoelectric converters convert the sub-carrier
reception signals 52_1 to 52_6 ito electric signals and

output the electric signals to the signal processing unit 45 as
reception signals 53 _1 to 53_6. The photoelectric converter
may be, for example, a photodiode.

The signal processing unit 45 performs predetermined
processing on the reception signals 53_1 to 53_6 respec-
tively output from the sub-carrier reception units 43_1 to
43_6 to generate data. Further, the signal processing unit 43
1s able to control the local oscillators 44 1 and 44 2
according to the reception signals 53_1 to 33_6 output from
the sub-carrier reception units 43_1 to 43_6. In other words,
the local oscillators 44_1 and 44_2 are controlled according
to the sub-carrier reception signals 32_1 to 52_6 included in
the optical reception signals 31_1 and 351_2.

For example, when the sub-carrier reception signals cor-
responding to the plurality of sub-carrier reception units are
not included 1n the optical reception signals 51_1 and 51_2,
the signal processing unit 45 may turn off the local oscillator
shared by the plurality of sub-carrier reception units. Spe-
cifically, when none of the sub-carrier reception signals 52_1
to 532_3 corresponding to the sub-carrier reception units
43 1 to 43_3 1s included 1n the optical reception signals
51_1 and 51_2, the local oscillator 44_1 shared by the
sub-carrier reception units 43_1 to 43_3 may be turned ofl.
In a similar way, when none of the sub-carrier reception
signals 524 to 52_6 corresponding to the sub-carrier recep-
tion units 43_4 to 43_6 1s included 1n the optical reception
signals 51_1 and 51_2, the local oscillator 44_2 shared by
the sub-carrier reception units 43_4 to 43_6 may be turned
ofl. According to such a control, unnecessary local oscilla-
tors may be turned ofl and power consumption in the optical
reception apparatus 2_3 can be reduced.

Further, similar to the case described in the sixth exem-
plary embodiment, by concurrently processing the plurality
ol sub-carrier reception signals 1n the signal processing unit
45, 1t 1s possible to compensate for crosstalk and the
non-linear optical eflect (e.g., cross-phase modulation
(XPM), four wave mixing (FWM)).

According to the present invention described in this
exemplary embodiment, 1t 1s possible to provide the optical
reception apparatus and the optical reception method
capable of efliciently allocating the resources in the optical
communication network.

Eighth Exemplary Embodiment

Next, an eighth exemplary embodiment according to the
present 1mvention will be described. FIG. 17 1s a block
diagram showing an optical reception apparatus 2_4 accord-
ing to this exemplary embodiment. In the optical reception
apparatus 2_4 according to this exemplary embodiment, a
specific configuration example of the switch umt 42
included in the optical reception apparatuses 2.1 to 2_3
described in the fifth to seventh exemplary embodiments 1s
shown. Since the other configurations are similar to those of
the optical reception apparatuses 2_1 to 2_3 described 1n the
fifth to seventh exemplary embodiments, the same compo-
nents are denoted by the same reference symbols and
overlapping descriptions will be omuatted.

As shown 1n FIG. 17, a switch unit 42 1 included 1n the
optical reception apparatus 2_4 according to this exemplary
embodiment includes optical branching devices 60_1 and
60_2 and an optical changeover switch 61. The optical
branching devices 60_1 and 60_2 are provided to corre-
spond to the reception ports 41_1 and 41_2, respectively,
branch the optical reception signals 51_1 and 51_2 respec-
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tively recerved by the reception ports 41_1 and 41_2, and
output the signals that have been branched ofl to the optical
changeover switch 61.

The optical changeover switch 61 receives the optical
reception signals branched off by the optical branching
devices 60_1 and 60_2 and selectively outputs the optical
reception signals to the sub-carrier reception umts 43_1 to
43 _m. For example, the optical changeover switch 61 may
be formed using an optical matrix switch having mx2 mputs
and m outputs. The m outputs of the optical changeover
switch 61 correspond to the number of sub-carrier reception
units 43_1 to 43_m. For example, the optical changeover
switch 61 1s controlled using control means (not shown).

As described above, 1n the optical reception apparatus 2_4
according to this exemplary embodiment, the switch unit
42 1 1s configured using the optical branching devices 60_1
and 60_2 and the optical changeover switch 61. Therefore,
it 1s possible to dynamically switch the sub-carrier reception
signals 52_1 to 52_m respectively supplied to the sub-carrier
reception units 43_1 to 43_m.

The optical changeover switch 61 may be configured
using a plurality of optical switches SW_1 to SW_m, as
shown 1n a switch unit 42_2 included 1n an optical reception
apparatus 2_3 shown in FIG. 18. In this case, the optical
switches SW_1 to SW_m are provided to correspond to the
sub-carrier reception units 43_1 to 43_m, respectively, select
the optical reception signals to be output to the sub-carrier
reception units 43_1 to 43_m from the optical reception
signals branched off by the optical branching devices 60_1
and 60_2, and output the optical reception signals to the
sub-carrier reception units 43_1 to 43_m.

For example, the optical switch SW_1 1s provided to
correspond to the sub-carrier reception unit 43_1, selects the
sub-carrier reception signal 52_1 corresponding to the sub-
carrier reception umt 43_1 from the optical reception signals
branched ofl by the optical branching devices 60_1 and
60_2, and outputs the sub-carrier reception signal 52_1 that
has been selected to the sub-carrier reception unit 43_1. The
optical switch SW_2 1s provided to correspond to the
sub-carrier reception unit 43_2, selects the sub-carrier recep-
tion signal 52_2 corresponding to the sub-carrier reception
umt 43_2 from the optical reception signals branched off by
the optical branching devices 60_1 and 60_2, and outputs
the sub-carrier reception signal 52_2 that has been selected
to the sub-carrier reception unit 43_2. The respective optical
switches SW_1 to SW_m are controlled using control means
(not shown). For example, each of the optical switches
SW_1 to SW_m may be formed of a wavelength selective
optical switch.

Further, like the optical reception apparatus described 1n
the latter part of the sixth exemplary embodiment, for
example, 11 each of the sub-carrier reception units 43_1 to
43 _m 15 able to selectively receive a particular sub-carrier
reception signal, a plurality of sub-carrier reception signals
may be input to one sub-carrier reception unit 43_m. In this
case, for example, each of the optical switches SW_1 to
SW_m may output the plurality of sub-carrier reception
signals to one sub-carrier reception unit 43_m.

Alternatively, the switch unit may be formed of an optical
multiplexer 62 and an optical demultiplexer 63, as shown in
a switch unit 42_3 included in an optical reception apparatus
2 6 shown in FIG. 19. The optical multiplexer 62 multi-
plexes the optical reception signals 531_1 and 51_2 respec-
tively recerved by the reception ports 41_1 and 41_2 to
produce a multiplexed optical signal 64 and outputs the
multiplexed optical signal 64 to the optical demultiplexer
63. The optical demultiplexer 63 selectively outputs the




US 11,296,793 B2

25

respective sub-carrier reception signals 52 1 to 52_m
included 1in the multiplexed optical signal 64 to the sub-
carrier reception umts 43_1 to 43_m, respectively.

That 1s, the optical demultiplexer 63 outputs the sub-
carrier reception signal 52_1 included in the multiplexed
optical signal 64 to the sub-carrier reception unit 43_1.
Further, the optical demultiplexer 63 outputs the sub-carrier
reception signal 52_2 included 1n the multiplexed optical
signal 64 to the sub-carrier reception unit 43_2.

For example, the optical demultiplexer 63 1s able to
selectively output the sub-carrier reception signals 52 1 to
52 m included 1n the multiplexed optical signal 64 to the
sub-carrier reception units 43_1 to 43_m, respectively,
according to the wavelength. In this case, the optical demul-
tiplexer 63 may be formed of the wavelength selective
optical demultiplexer 63.

Further, like the optical reception apparatus described in
the latter part of the sixth exemplary embodiment, for
example, 1if each of the sub-carner reception units 43_1 to
43 _m 1s able to selectively receive a specific sub-carrier
reception signal, the plurality of sub-carrier reception sig-
nals may be mput to one sub-carrier reception unit 43_m. In
this case, for example, the optical demultiplexer 62 may
output the plurality of sub-carrier reception signals included
in the multiplexed optical signal 63 to one sub-carrier

reception unit 43_m. For example, an optical branching
device may be used 1n place of the optical demultiplexer 63.

Ninth Exemplary Embodiment

Next, a ninth exemplary embodiment of the present
invention will be described. FIG. 20 1s a block diagram
showing an optical communication apparatus 3 according to
this exemplary embodiment. The optical communication
apparatus 3 according to this exemplary embodiment 1s an
optical communication apparatus that can transmit and
receive data and has a configuration in which the optical
transmission apparatus 1_1 described in the first exemplary
embodiment and the optical reception apparatus 2_1
described in the fifth exemplary embodiment are combined
with each other.

As shown 1 FIG. 20, the optical communication appa-
ratus 3 according to this exemplary embodiment includes a
first transmission unit 11 _1, a second transmission unit 11_2,
an output unit 12, a switch unit 42, a first reception unit
43 1, and a second reception unit 43_2. The optical trans-
mission signal 22 1 and the optical reception signal 51_1
can be transmitted or received via the first path. Further, the
optical transmission signal 22_2 and the optical reception
signal 51_2 can be transmitted or received via the second
path.

Since the configurations and the operations of the first
transmission unit 11 1, the second transmission unit 11_2,
and the output umt 12 are similar to those of the optical
transmission apparatus 1_1 described 1n the first exemplary
embodiment, overlapping descriptions will be omaitted. Fur-
ther, since the configurations and the operations of the
switch unit 42, the first reception unit 43_1, and the second
reception unit 43_2 are similar to those of the optical
reception apparatus 2_1 described in the fifth exemplary
embodiment, overlapping descriptions will be omuitted.

Further, also 1n the optical communication apparatus 3
according to this exemplary embodiment as well, the con-
figurations of the optical transmission apparatuses 1_2 to
1_6 described in the second to fourth exemplary embodi-
ments may be applied or the configurations of the optical
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reception apparatuses 2_2 to 2_6 described 1n the sixth to
eighth exemplary embodiments may be applied.

According to the present invention described in this
exemplary embodiment, it 1s possible to provide the optical
communication apparatus and the optical communication
method capable of efliciently allocating the resources 1n the
optical communication network.

Tenth Exemplary Embodiment

Next, a tenth exemplary embodiment of the present inven-
tion will be described. FIG. 21 1s a block diagram showing
an optical communication system according to this exem-
plary embodiment. As shown 1n FIG. 21, the optical com-
munication system according to this exemplary embodiment
includes an optical transmission apparatus 1 and optical
reception apparatuses 70_1 and 70_2 that communicate with
the optical transmission apparatus 1. The optical transmis-
sion apparatuses 1_1 to 1_6 described in the first to fourth
exemplary embodiments may be used as the optical trans-
mission apparatus 1.

The optical transmission apparatus 1 includes a plurality
of sub-carrier transmission units 11_1 to 11_m, an output
unit 12, and transmission ports 13_1 and 13_2. The plurality
ol sub-carrier transmission units 11_1 to 11_m respectively
generate optical transmission signals 21_1 to 21_m that
transmit data using sub-carriers. The output unit 12 selec-
tively outputs the optical transmission signals 21_1 to 21_m
respectively output from the sub-carrier transmission units
11_1 to 1_m to the transmission port 13_1 or the transmis-
sion port 13_2. Since the configuration and the operation of
the optical transmission apparatus 1 are similar to those of
the optical transmission apparatuses 1_1 to 1_6 described in
the first to fourth exemplary embodiments, overlapping
descriptions will be omitted.

The transmission port 13_1 1s connected to a reception
port 71_1 of the optical reception apparatus 70_1 via an
optical fiber and the transmission port 13_2 1s connected to
a reception port 71_2 of the optical reception apparatus 70_2
via an optical fiber. The optical transmission apparatus 1
transmits the optical transmission signal 23_1 to the optical
reception apparatus 70_1 via the transmission port 13_1.
Further, the optical transmission apparatus 1 transmits the
optical transmission signal 23_2 to the optical reception
apparatus 70_2 via the transmission port 13_2. The optical
transmission signal 23_1 1s a signal 1n which the plurality of
optical transmission signals 21_m are multiplexed. A recep-
tion unmit 72_1 included 1n the optical reception apparatus
70_1 1s configured to be able to receive the multiplexed
optical transmission signal. In a similar way, the optical
transmission signal 23_2 1s a signal 1n which the plurality of
optical transmission signals 21_m are multiplexed. A recep-
tion unit 72_2 included 1n the optical reception apparatus
70_2 1s configured to be able to receive the multiplexed
optical transmission signal.

The sub-carrier transmission units of the plurality of
sub-carrier transmission units 11 _1 to 11 m that transmit the
optical transmission signals via the transmission port 13_1
may transmit the first data that has been serial-parallel
converted to the optical reception apparatus 70_1 1n parallel.
Further, the sub-carrier transmission units of the plurality of
sub-carrier transmission units 11 1 to 11 m that transmit the
optical transmission signals via the transmission port 13_2
may transmit the second data that has been serial-parallel
converted to the optical reception apparatus 70_2 1n parallel.

That 1s, the optical transmission apparatus 1 serial-parallel
converts the first data to be transmitted to the optical




US 11,296,793 B2

27

reception apparatus 70_1 and generates the optical trans-
mission signal to transmit data that have been serial-parallel
converted by the sub-carrier transmission unit to transmit the
optical transmission signal to the optical reception apparatus
70_1. The optical reception apparatus 70_1 1s able to receive
data that has been serial-parallel converted included 1n the
optical transmission signal 23_1 and parallel-serial convert
the received data that has been serial-parallel converted to
obtain the first data that has been parallel-serial converted.
The same 1s applicable to the second data to be transmitted
to the optical reception apparatus 70_2.

Further, in the optical communication system according to
this exemplary embodiment, the transmission capacity
between the optical transmission apparatus 1 and the optical
reception apparatus 70_1 1s determined based on the number
ol sub-carrier transmission units 11_1 to 11_m that output
the optical transmission signals to the transmission port
13_1. In a similar way, the transmission capacity between
the optical transmission apparatus 1 and the optical recep-
tion apparatus 70_2 1s determined based on the number of
sub-carrier transmission units 11_1 to 11_m that output the
optical transmission signals to the transmission port 13_2. In
other words, the ratio of the transmission capacity of the
optical transmission signal 23_1 to the transmaission capacity
of the optical transmission signal 23_2 corresponds to the
ratio of the number of sub-carrier transmission units con-
nected to the transmission port 13_1 to the number of
sub-carrier transmission units connected to the transmission
port 13_2. For example, 1n order to increase the transmission
capacity between the optical transmission apparatus 1 and
the optical reception apparatus 70_1, the output unit 12 1s
controlled to increase the number of sub-carrier transmission
units connected to the transmission port 13_1.

Further, the sub-carrier of a first wavelength band may be
used as the transmission between the optical transmission
apparatus 1 and the optical reception apparatus 70_1 and the
sub-carrier of a second wavelength band may be used as the
transmission between the optical transmission apparatus 1
and the optical reception apparatus 70_2. The first wave-
length band and the second wavelength band are bands
whose wavelengths do not overlap each other. For example,
these wavelength bands are C band, L band, S band or the
like used 1n the WDM.

Further, the settings of the communication between the
optical transmission apparatus 1 and the optical reception
apparatus 70_1 may be determined according to at least one
of the distance between the optical transmission apparatus 1
and the optical reception apparatus 70_1, a time zone 1n
which the communication i1s performed, and the state of the
transmission path between the optical transmission appara-
tus 1 and the optical reception apparatus 70_1. Alternatively,
the communication between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_1 may be set
using at least one of the allocation of the wavelength band
of the sub-carrier in the communication between the optical
transmission apparatus 1 and the optical reception apparatus
70_1, the path of the optical signal, and the modulation
system. The same 1s applicable to the settings of the com-
munication between the optical transmission apparatus 1 and
the optical reception apparatus 70_2.

For example, the multi-value degree for each sub-carrier
may decrease and the number of sub-carriers may increase
as the communication distance between the optical trans-
mission apparatus 1 and the optical reception apparatus 70_1
increases. On the other hand, the multi-value degree for each
sub-carrier may increase and the number of sub-carriers may
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decrease as the communication distance between the optical
transmission apparatus 1 and the optical reception apparatus

70 1 decreases.

A case in which the quadrature amplitude modulation
(QAM) 1s used will be specifically described as an example.
When the communication distance between the optical
transmission apparatus 1 and the optical reception apparatus
70_1 1s long, the bit error rate increases when the multi-
value degree for each sub-carrier increases using the modu-
lation system such as 128-QAM or 256-QAM. Therefore, 1n
this case, the multi-value degree for each sub-carrier i1s
decreased using the modulation system such as 16-QAM or
64-QAM. Further, 1n this case, the amount of information
included 1n one sub-carrier becomes small. Therefore, the
number of sub-carriers 1s increased by the amount corre-
sponding to this decreased amount.

On the other hand, when the communication distance
between the optical transmission apparatus 1 and the optical
reception apparatus 70_1 1s short, 1t 1s possible to increase
the multi-value degree for each sub-carrier using the modu-
lation system such as 128-QAM or 256-QAM. In this case,
the amount of information included 1n one sub-carrier can be
increased. Therefore, the number of sub-carriers can be
decreased by the amount corresponding to this increased
amount.

Further, when the transmission path between the optical
transmission apparatus 1 and the optical reception apparatus
70_1 1s degraded (e.g., when tension 1s applied to an optical
fiber), for example, the multi-value degree for each sub-
carrier may decrease, for example. In this way, by decreas-
ing the multi-value degree for each sub-carrier, 1t 1s possible
to suppress the increase 1n the bit error rate.

The arrangements for the communication in the optical
communication system described above may be determined
by the optical transmission apparatus 1 and the optical
reception apparatuses 70_1 and 70_2.

According to the present invention described in this
exemplary embodiment, 1t 1s possible to provide the optical
communication system and the method of controlling the
optical communication system that can efliciently allocate
the resources in the optical communication network.

Eleventh Exemplary Embodiment

Next, an eleventh exemplary embodiment of the present
invention will be described. FIG. 22 1s a block diagram
showing an optical communication system according to this
exemplary embodiment. As shown 1n FIG. 22, the optical
communication system according to this exemplary embodi-
ment includes an optical transmission apparatus 1, optical
reception apparatuses 70_1 and 70_2 that communicate with
the optical transmission apparatus 1, and a controller 80.
Since the optical communication system according to this
exemplary embodiment 1s similar to the optical communi-
cation system described 1n the tenth exemplary embodiment
except that the optical communication system according to
this exemplary embodiment includes the controller 80, over-
lapping descriptions will be omitted. Further, 1n this exem-
plary embodiment as well, the optical transmission appara-
tuses 1_1 to 1_6 described 1n the first to fourth exemplary
embodiments may be used as the optical transmission appa-
ratus 1.

The controller 80 1s provided to control the optical
transmission apparatus 1 and the optical reception appara-
tuses 70_1 and 70 2. That 1s, the controller 80 1s able to
control the optical transmission apparatus 1 and the optical
reception apparatuses 70_1 and 70_2 according to the state
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of communication between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_1 and the state
of communication between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_2.

FIG. 23 1s a block diagram showing a configuration
example of the controller 80. As shown i FIG. 23, the
controller 80 includes a monitor unit 81 and a configuration
unit 82. The monitor unit 81 monitors the state of commu-
nication of the optical communication system, which 1s the
state ol communication between the optical transmission
apparatus 1 and the optical reception apparatus 70_1 and the
state ol communication between the optical transmission
apparatus 1 and the optical reception apparatus 70_2. The
configuration unit 82 configures the optical transmission
apparatus 1 and the optical reception apparatuses 70_1 and
70_2 according to the result of monitoring in the monitor
unit 81.

The controller 80 1s able to configure the sub-carrier
transmission unit used 1n the communication between the
optical transmission apparatus 1 and the optical reception
apparatus 70_1 and the sub-carrier transmission unit used 1n
the communication between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_2. At this
time, the controller 80 1s able to change the sub-carrier
transmission unit used in the communication with each of
the optical reception apparatuses 70_1 and 70_2 by chang-
ing the configuration of the output unit 12 included 1n the
optical transmission apparatus 1.

For example, the controller 80 1s able to change the
transmission capacity between the optical transmission
apparatus 1 and the optical reception apparatus 70_1 and the
transmission capacity between the optical transmission
apparatus 1 and the optical reception apparatus 70_2 by
controlling the number of sub-carrier transmission units
11_1 to 11_sm that output the optical transmission signals to
the transmission ports 13_1 and 13_2.

Further, the controller 80 1s able to set the wavelength
band of the sub-carrier used in the communication between
the optical transmission apparatus 1 and the optical recep-
tion apparatus 70_1 and the wavelength band of the sub-
carrier used 1n the communication between the optical
transmission apparatus 1 and the optical reception apparatus
70_2. For example, the controller 80 1s able to set the
wavelength bands so that the sub-carrier of the first wave-
length band 1s used 1n the communication between the
optical transmission apparatus 1 and the optical reception
apparatus 70_1 and the sub-carner of the second wavelength
band 1s used 1n the communication between the optical
transmission apparatus 1 and the optical reception apparatus
70_2. The first wavelength band and the second wavelength
band are bands whose wavelengths do not overlap each
other. For example, these wavelength bands are C band, L
band, S band or the like used 1n the WDM.

Alternatively, the controller 80 1s able to set the commu-
nication between the optical transmission apparatus 1 and
the optical reception apparatus 70_1 according to at least
one of the distance between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_1, a time zone
in which the communication 1s performed, and the state of
the transmission path between the optical transmission appa-
ratus 1 and the optical reception apparatus 70_1. Alterna-
tively, the controller 80 may set the communication between
the optical transmission apparatus 1 and the optical recep-
tion apparatus 70_1 using at least one of the allocation of the
wavelength band of the sub-carrier in the communication
between the optical transmission apparatus 1 and the optical
reception apparatus 70_1, the path of the optical signal, and
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the modulation system. The same 1s applicable to the set-
tings of the communication between the optical transmission
apparatus 1 and the optical reception apparatus 70_2.

For example, the controller 80 may decrease the multi-
value degree for each sub-carrier and increase the number of
sub-carriers as the communication distance between the
optical transmission apparatus 1 and the optical reception
apparatus 70_1 increases. On the other hand, the controller
80 may 1ncrease the multi-value degree for each sub-carrier
and decrease the number of sub-carriers as the communica-
tion distance between the optical transmission apparatus 1
and the optical reception apparatus 70_1 decreases. The
same 1s applicable to the modulation system in the commu-
nication between the optical transmission apparatus 1 and
the optical reception apparatus 70_2.

Further, the controller 80 may decrease the multi-value
degree for each sub-carrier, for example, when the trans-
mission path between the optical transmission apparatus 1
and the optical reception apparatus 70_1 1s degraded (when
tension 1s applied to an optical fiber). In this way, by
decreasing the multi-value degree for each sub-carrier, 1t 1s
possible to suppress the increase in the bit error rate. The
same 1s applicable to the modulation system between the
optical transmission apparatus 1 and the optical reception
apparatus 70_2.

While the optical communication system including one
optical transmission apparatus and two optical reception
apparatuses has been described in this exemplary embodi-
ment, two or more optical transmission apparatuses and
three or more optical reception apparatuses that constitute
the optical communication system may be included. In this
case as well, the controller 80 1s able to configure the optical
transmission apparatus and the optical reception apparatus in
such a way that the whole optical communication system 1s
in an optimal communication state.

The optimal communication state may be arbitrarily
determined depending on users. The optimal communication
state may be, for example, a communication state in which
the cost of communication 1s minimized, a communication
state 1n which the reliability of the communication 1s maxi-
mized (that 1s, a communication state in which the highest
priority 1s given to keeping the communication, which 1s a
communication state in which a redundant path 1s consid-
ered), a communication state 1n which the communication
speed 1s particularly prioritized (a communication state that
makes the path the shortest), a communication state 1n which
the wavelength use efliciency becomes the maximum.

Further, the controller 80 1s able to collect information
regarding changes 1n the state of the network reported by the
optical transmission apparatus and the optical reception
apparatus (e.g., a Tailure 1n an optical transmission path and
a degradation of an optical communication signal) and
re-configure the optical transmission apparatus and the opti-
cal reception apparatus to follow the changes 1n the state of
the network and to make the whole optical communication
system be 1n the optimal communication state.

According to the present invention described above in this
exemplary embodiment, 1t 1s possible to provide the optical
communication system and the method of controlling the
optical communication system capable of ethiciently allo-
cating the resources 1n the optical communication network.
Further, it 1s possible to provide the optical communication
system and the method of controlling the optical commu-
nication system which make the whole optical communica-

tion system be 1n the optimal commumnication state.

Twellth Exemplary Embodiment

Next, a twelfth exemplary embodiment of the present
invention will be described. In this exemplary embodiment,
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a case 1n which the optical communication system according
to the present imvention 1s applied to a centrally controlled
network will be described. FIG. 24 1s a block diagram
showing an optical communication system according to this
exemplary embodiment. As shown 1 FIG. 24, the optical
communication system according to this exemplary embodi-
ment includes a controller 80 and a plurality of nodes A to
D (85_a to 85_d). The controller 80 corresponds to the
controller 80 described 1n the eleventh exemplary embodi-
ment. Further, the plurality of nodes A to D (85_a to 85_d)
are components that form the communication network. For
example, the optical transmission apparatuses 1_1 to 1_6
described 1n the first to fourth exemplary embodiments, the
optical reception apparatuses 2_1 to 2_6 described in the
fifth to eighth exemplary embodiments, or the optical com-
munication apparatus 3 described in the ninth exemplary
embodiment may be used as the plurality of nodes A to D
(85_a to 85_4d).

The controller 80 monitors the state of the communication
of each of the nodes 85 a to 85 d and controls the nodes
85_a to 85_d according to the state of the communication of
the respective nodes 85_a to 85_d. The controller 80 outputs
control signals 86_a to 86_d to control the respective nodes
85 _a to 85_d to the respective nodes 85_a to 85_d.

The controller 80 1s able to make arrangements for the
allocation of resources used 1n the respective nodes 85_a to
85 d(e.g., arrangements for the sub-carrier transceiver units
to be used) and the path of the optical signal. For example,
the controller 80 1s able to change the transmission capacity
between the node 85_a and the node 85_b by determinming
the sub-carrier to be used 1n the communication between the
node 85 g and the node 85 5.

Further, the controller 80 1s able to set the wavelength
bands of the sub-carriers used 1n the communication among,
the nodes 85_a to 85_d. For example, the controller 80 1s
able to set the wavelength bands so that the sub-carrier of the
first wavelength band 1s used 1n the communication between
the node 85 a and the node 85 5 and the sub-carrier of the
second wavelength band 1s used in the communication
between the node 85 a and the node 85 d. The first wave-
length band and the second wavelength band are bands
whose wavelengths do not overlap each other. For example,
these wavelength bands are C band, L band, S band or the
like used 1n the WDM.

The controller 80 1s also able to set the communication
among the nodes 85_a to 85_d according to at least one of
the distance between the nodes 85 a to 85 _d, a time zone 1n
which the communication i1s performed, and the state of the
transmission path between the nodes 85_a to 85_d. The time
zone 1n which the communication i1s performed 1s, for
example, a predetermined time zone (day or mght), a
predetermined period, or a time zone of a predetermined
event (e.g., execution of backup). Alternatively, the control-
ler 80 may set the communication among the nodes 85_a to
85 d using at least one of an allocation of the wavelength
band of the sub-carrier in the communication among the
nodes 85_a to 85_d, a path of the optical signal, and the
modulation system.

For example, the controller 80 may decrease the multi-
value degree for each sub-carrier and increase the number of
sub-carriers as the communication distance between the
node 85 _a and the node 85_5 increases. On the other hand,
the controller 80 may increase the multi-value degree for
cach sub-carrier and decrease the number of sub-carriers as
the communication distance between the node 85 a and the
node 85_b decreases. The same 1s applicable to the modu-
lation system among the other nodes.
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Further, the controller 80 may decrease the multi-value
degree for each sub-carrier, for example, when the trans-

mission path between the node 85_a and the node 85_b 1s
degraded (when tension 1s applied to an optical fiber). In this
way, by decreasing the multi-value degree for each sub-
carrier, 1t 1s possible to suppress the increase in the bit error
rate. The same 1s applicable to the modulation system among
the other nodes.

While the optical communication system including four
nodes 85_a to 85_d has been described as an example 1n this
exemplary embodiment, the number of nodes that constitute
the optical communication system may be larger than four.

The controller 80 1s able to configure the optical trans-
mission apparatus and the optical reception apparatus so that
the whole optical commumnication system becomes 1n an
optimal communication state. The optimal communication
state may be arbitrarily determined depending on users. The
optimal communication state may be, for example, a com-
munication state 1n which the cost of communication 1s
minimized, a communication state in which the reliability of
the communication 1s maximized (that 1s, a communication
state 1n which the highest priority 1s given to keeping the
communication, which 1s a communication state 1n which a
redundant path 1s considered), a communication state in
which the communication speed 1s particularly prioritized (a
communication state that makes the path the shortest), a
communication state 1n which the wavelength use efliciency
becomes the maximum.

Further, the controller 80 1s able to collect information
regarding changes in the state of the network reported by the
optical transmission apparatus and the optical reception
apparatus (e.g., a failure 1n an optical transmission path and
a degradation of an optical communication signal) and
re-configure the optical transmission apparatus and the opti-
cal reception apparatus to follow the changes 1n the state of
the network and to make the whole optical communication
system be 1n the optimal communication state.

For example, when a failure occurs 1n a shortest path 87_1
while data 1s being transmitted from the node 85_a to the
node 85_5b via the shortest path 87_1, the controller 80 1s
able to switch the path to a redundant path that transmaits data
to the node 85_5H via a path 87_2 that connects the node 85_a
and the node 85_d, a path 87_3 that connects the node 85_d
and the node 85_c, and a path 87_4 that connects the node
85 ¢ and the node 85_b to prevent the communication from
being interrupted.

According to the present invention described above in this
exemplary embodiment, it 1s possible to provide the optical
communication system and the method of controlling the
optical communication system capable of efliciently allo-
cating the resources 1n the optical communication network.
Further, 1t 1s possible to provide the optical communication
system and the method of controlling the optical commu-
nication system which make the whole optical communica-
tion system be 1n the optimal commumnication state.

Thirteenth Exemplary Embodiment

Next, a thirteenth exemplary embodiment according to
the present imvention will be described. FIG. 25 1s a block
diagram showing an optical communication system accord-
ing to this exemplary embodiment. As shown 1n FIG. 25, the
optical communication system according to this exemplary
embodiment 1ncludes an optical reception apparatus 2 and
optical transmission apparatuses 75_1 and 75_2 that com-
municate with the optical reception apparatus 2. The optical
reception apparatuses 2_1 to 2_6 described 1n the fifth to
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eighth exemplary embodiments may be used as the as the
optical reception apparatus 2.

The optical reception apparatus 2 includes reception ports
41 1 and 41_2, a switch umt 42, and a plurality of sub-
carrier reception units 43_1 to 43_m. The reception ports
41 1 and 41_2 respectively receive multiplexed optical
reception signals 50_1 and 50_2. The switch unit 42 selec-
tively outputs the sub-carrier reception signals 52_1 to 52_m
respectively included 1n the optical reception signals 51_1
and 51_2 respectively recerved by the reception ports 41_1
and 41_2 to the plurality of sub-carrier reception units 43_1
to 43_m. The plurality of sub-carrier reception units 43_1 to
43 _m recerve the data included 1n the respective sub-carrier
reception signals 52_1 to 52_m. Since the configuration and
the operation of the optical reception apparatus 2 are similar
to those of the optical reception apparatuses 2_1 to 2_6
described 1n the fifth to eighth exemplary embodiments,
overlapping descriptions will be omuitted.

A transmission unit 77_1 included in the optical trans-
mission apparatus 75_1 1s configured to be able to transmit
the multiplexed optical transmission signal generated using,
a plurality of sub-carriers. A transmission unit 77_2 included
in the optical transmission apparatus 75_2 1s configured to
be able to transmit the multiplexed optical transmission
signal generated using a plurality of sub-carriers. The recep-
tion port 41_1 1s connected to a transmission port 76_1 of
the optical transmission apparatus 75_1 via an optical fiber
and the reception port 41_2 1s connected to a transmission
port 76_2 of the optical transmission apparatus 75_2 via an
optical fiber. The optical reception apparatus 2 receives the
optical reception signal 50_1 transmitted from the optical
transmission apparatus 75_1 via the reception port 41_1.
Further, the optical reception apparatus 2 receives the optical
reception signal 50_2 transmitted from the optical transmis-
sion apparatus 75_2 via the reception port 41_2.

At this time, the respective sub-carrier reception units of
the plurality of sub-carrier reception units 43_1 to 43_m that
receive the optical reception signals via the reception port
41_1 may receive first data transmitted from the optical
transmission apparatus 75 1 (data that has been sernal-
parallel converted) in parallel. Further, the respective sub-
carrier reception units of the plurality of sub-carrier recep-
tion units 43_1 to 43_m that receive the optical reception
signals via the reception port 41_2 may receive second data
transmitted from the optical transmission apparatus 75_2
(data that has been sernal-parallel converted) in parallel.

That 1s, the optical transmission apparatus 75_1 serial-
parallel converts the first data to be transmuitted to the optical
reception apparatus 2 and transmits each of the pieces of
data that have been serial-parallel converted to the optical
reception apparatus 2 using the respective optical transmis-
s1on signals. The optical reception apparatus 2 receives the
sub-carrier reception signal included in the optical transmis-
sion signal (that 1s, optical reception signal 50_1) transmit-
ted from the optical transmission apparatus 75 1 by the
sub-carrier reception unit. By parallel-senial converting the
data included 1n the sub-carrier reception signal, the first
data that has been parallel-serial converted can be obtained.
The same 1s applicable to the second data transmitted to the
optical reception apparatus 2 from the optical transmission
apparatus 75_2.

Further, 1n the optical communication system according to
this exemplary embodiment, the transmission capacity
between the optical reception apparatus 2 and the optical
transmission apparatus 75_1 corresponds to the number of
sub-carrier reception units connected to the reception port
41_1. In a similar way, the transmission capacity between
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the optical reception apparatus 2 and the optical transmis-
sion apparatus 75_2 corresponds to the number of sub-
carrier reception units connected to the reception port 41_2.
For example, 1n order to increase the transmission capacity
between the optical reception apparatus 2 and the optical
transmission apparatus 75_1, the switch unit 42 1s controlled
to 1ncrease the number of sub-carrier reception units con-
nected to the reception port 41_1.

Further, the sub-carrier of the first wavelength band may
be used as the transmission between the optical reception
apparatus 2 and the optical transmission apparatus 75_1 and
the sub-carrier of the second wavelength band may be used
as the transmission between the optical reception apparatus
2 and the optical transmission apparatus 75 2. The first
wavelength band and the second wavelength band are bands
whose wavelengths do not overlap each other. For example,
these wavelength bands are C band, L band, S band or the
like used 1n the WDM.

The settings of the communication between the optical
reception apparatus 2 and the optical transmission apparatus
75_1 may be determined according to at least one of the
distance between the optical reception apparatus 2 and the
optical transmission apparatus 75_1, a time zone 1 which
the communication 1s performed, and the state of the trans-
mission path between the optical reception apparatus 2 and
the optical transmission apparatus 75_1. Alternatively, the
communication between the optical reception apparatus 2
and the optical transmission apparatus 75_1 may be set
using at least one of the allocation of the wavelength band
of the sub-carrier 1n the communication between the optical
reception apparatus 2 and the optical transmission apparatus
75_1, the path of the optical signal, and the modulation
system. The same 1s applicable to the settings of the com-
munication between the optical reception apparatus 2 and
the optical transmission apparatus 75_2.

For example, the multi-value degree for each sub-carrier
may decrease and the number of sub-carriers may increase
as the communication distance between the optical reception
apparatus 2 and the optical transmission apparatus 75_1
increases. On the other hand, the multi-value degree for each
sub-carrier may increase and the number of sub-carriers may
decrease as the communication distance between the optical
reception apparatus 2 and the optical transmission apparatus
75_1 decreases. The same 1s applicable to the modulation
system 1n the communication between the optical reception
apparatus 2 and the optical transmission apparatus 75_2.

Further, for example, when the transmission path between
the optical reception apparatus 2 and the optical transmis-
sion apparatus 75_1 1s degraded (when tension 1s applied to
an optical fiber), for example, the multi-value degree for
cach sub-carrier may decrease. In this way, by decreasing the
multi-value degree for each sub-carrier, it 1s possible to
suppress the increase in the bit error rate.

The arrangements for the communication in the optical
communication system described above may be determined
by the optical reception apparatus 2 and the optical trans-
mission apparatuses 75_1 and 75_2. Further, the optical
communication system according to this exemplary embodi-
ment may 1clude a controller like the optical communica-
tion system described 1n the eleventh exemplary embodi-
ment. In this exemplary embodiment as well, the controller
may control the optical reception apparatus 2 and the optical
transmission apparatuses 75_1 and 75_2 according to the
state of the communication between the optical reception
apparatus 2 and the optical transmission apparatus 75_1 and
the state of the communication between the optical reception
apparatus 2 and the optical transmission apparatus 75_2.
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According to the ivention described in this exemplary
embodiment described above, it 1s possible to provide the
optical communication system and the method of controlling
the optical communication system capable of efliciently
allocating the resources in the optical communication net-
work.

Fourteenth Exemplary Embodiment

Next, a fourteenth exemplary embodiment of the present
invention will be described. FIG. 26 1s a block diagram
showing an optical communication system according to this
exemplary embodiment. As shown 1in FIG. 26, the optical
communication system according to this exemplary embodi-
ment includes optical transmission apparatuses 1la and 15
and optical reception apparatuses 2a and 2b.

The optical transmission apparatus 1a includes a plurality
of sub-carrier transmission units 11a, an output unit 12q, and
transmission ports 13_1a and 13_2a. The optical transmis-
sion apparatus 15 includes a plurality of sub-carrier trans-
mission units 115, an output unit 125, and transmission ports
13_1b and 13_2b. The optical transmission apparatuses 1_1
to 1_6 described 1n the first to fourth exemplary embodi-
ments may be used as the optical transmission apparatuses
1a and 15. For example, the sub-carrier transmission units
11a and 115 correspond to the plurality of sub-carrier
transmission units 11_1 to 11_m shown 1n FIG. 5, the output
units 12a and 125 correspond to the output unit 12 shown in
FIG. §, and the transmission ports 13_1a, 13_2a,13_15b, and
13_2b correspond to the transmission ports 13_1 and 13_2
shown 1n FIG. 5.

The optical reception apparatus 2a includes reception
ports 41_1a and 41_2a, a switch unit 42a, and a plurality of
sub-carrier reception units 43a. The optical reception appa-
ratus 25 includes reception ports 41_15 and 41_2b, a switch
unit 4256, and a plurality of sub-carrier reception units 435.
The optical reception apparatuses 2_1 to 2_6 described 1n
the fifth to eighth exemplary embodiments may be used as
the optical reception apparatuses 2a and 2b. For example,
the reception ports 41_1a, 41_2a, 41_1b, and 41_2b corre-
spond to the reception ports 41_1 and 41_2 shown 1n FIG.
15, the switch units 42a and 425 correspond to the switch
unit 42 shown 1n FIG. 15, and the sub-carrier reception units
43a and 435 correspond to the sub-carrier reception units
43 1 to 43 m shown in FIG. 15.

As shown 1 FIG. 26, the transmission port 13_1a of the
optical transmission apparatus la i1s connected to the recep-
tion port 41_1a of the optical reception apparatus 2a. The
transmission port 13_2a of the optical transmission appara-
tus 1a 1s connected to the reception port 41_1b of the optical
reception apparatus 2b. The transmission port 13_15b of the
optical transmission apparatus 15 1s connected to the recep-
tion port 41_2a of the optical reception apparatus 2a. The
transmission port 13_25 of the optical transmission appara-
tus 15 1s connected to the reception port 41_25 of the optical
reception apparatus 2b.

At this time, the optical transmission apparatus la trans-
mits data to the optical reception apparatus 2a using an
optical transmission signal 23_1a generated using the plu-
rality of sub-carriers of the first wavelength band. Further,
the optical transmission apparatus la transmits data to the
optical reception apparatus 26 using an optical transmission
signal 23_2a generated using the plurality of sub-carriers of
the second wavelength band. Further, the optical transmis-
sion apparatus 15 transmits data to the optical reception
apparatus 2aq using an optical transmission signal 23_15b
generated using the plurality of sub-carriers of the second
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wavelength band. Further, the optical transmission apparatus
15 transmits data to the optical reception apparatus 25 using

an optical transmission signal 23_2b generated using the
plurality of sub-carriers of the first wavelength band. The
first wavelength band and the second wavelength band are
bands whose wavelengths do not overlap each other. For
example, these wavelength bands are C band, L band, S band
or the like used 1n the WDM.

By setting the combination of the wavelength bands of the
optical transmission signals 23 _1a, 23_2a, 23_1b, and
23 2b used in the communication between the optical
transmission apparatuses 1a and 15 and the optical reception
apparatuses 2a and 2b as stated above, it 1s possible to
prevent the wavelength bands of the sub-carriers used 1n the
communication between the optical transmission appara-
tuses 1a and 15 and the optical reception apparatuses 2a and
2b from being overlapped each other.

In the optical communication system according to this
exemplary embodiment as well, the settings of the commu-
nication between the optical transmission apparatuses la
and 1b and the optical reception apparatuses 2a and 26 may
be determined according to at least one of the distance
between the optical transmission apparatuses 1a and 15 and
the optical reception apparatuses 2a and 2b, a time zone 1n
which the communication 1s performed, and the state of the
transmission path between the optical transmission appara-
tuses 1a and 15 and the optical reception apparatuses 2a and
2b. Alternatively, the communication between the optical
transmission apparatuses 1a and 15 and the optical reception
apparatuses 2a and 25 may be set using at least one of the
allocation of the wavelength band of the sub-carrier 1n the
communication between the optical transmission appara-
tuses 1a and 15 and the optical reception apparatuses 2a and
2b, the path of the optical signal, and the modulation system.

According to the present invention described in this
exemplary embodiment, 1t 1s possible to provide the optical
communication system and the method of controlling the
optical communication system capable of efliciently allo-
cating the resources 1n the optical communication network.

Fifteenth Exemplary Embodiment

Next, a fifteenth exemplary embodiment of the present
invention will be described. FIG. 27 1s a block diagram
showing an optical communication system according to this
exemplary embodiment. As shown 1 FIG. 27, the optical
communication system according to this exemplary embodi-
ment includes optical communication apparatuses 3a to 3d.
The optical communication apparatuses 3a to 3d are optical
communication apparatuses capable of transmitting and
receiving data.

The optical communication apparatus 3a 1includes a sub-
carrier transceiver unit 91a, an optical transmission/recep-
tion signal switch unit 924, and transmission/reception ports
93 1a and 93_2a. The optical communication apparatus 35
includes a sub-carrier transceiver unit 915, an optical trans-
mission/reception signal switch unit 925, and transmission/
reception ports 93_15 and 93_2b. The optical communica-
tion apparatus 3¢ includes a sub-carrier transceiver unit 91c,
an optical transmission/reception signal switch unit 92¢, and
transmission/reception ports 93_1c¢ and 93_2c¢. The optical
communication apparatus 3d includes a sub-carrier trans-
ceiver umt 91d, an optical transmission/reception signal
switch unit 924, and transmission/reception ports 93_14 and
93_2d. The optical communication apparatus 3 described 1n
the ninth exemplary embodiment (see FIG. 20) may be used
as the optical communication apparatuses 3a to 3d. For more
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detailed configurations, see FIG. 5 (second exemplary
embodiment) and FIG. 15 (sixth exemplary embodiment).

The sub-carrier transceiver umt 91a of the optical com-
munication apparatus 3a includes the sub-carrier transmis-
sion units 11 1 to 11 _m shown 1n FIG. 5 and the sub-carrier
reception units 43_1 to 43_m shown 1n FIG. 15, the optical
transmission/reception signal switch unit 92q includes the
output unit 12 shown 1n FIG. 5 and the switch umt 42 shown
in FIG. 15, and the transmission/reception ports 93_1a and
93 2a correspond to the transmission ports 13_1 and 13_2
shown 1 FIG. 5 and the receptlon ports 41_1 and 41_2
shown 1n FIG. 15. The same 1s applicable to the other optical
communication apparatuses 35 to 3d.

As shown 1n FIG. 27, the transmission/reception port
93 1a of the optical communication apparatus 3a 1s con-
nected to the transmission/reception port 93_1c of the opti-
cal communication apparatus 3¢. The transmission/reception
port 93_2a of the optical communication apparatus 3a 1s
connected to the transmission/reception port 93_1d of the
optical communication apparatus 3d. The transmission/re-
ception port 93_15b of the optical communication apparatus
3b 1s connected to the transmission/reception port 93_2c¢ of
the optical communication apparatus 3c. The transmission/
reception port 93_25 of the optical communication appara-
tus 35 1s connected to the transmission/reception port 93_2d
of the optical communication apparatus 3d.

In this case, the optical communication apparatus 3a and
the optical communication apparatus 3¢ communicate with
cach other using an optical signal 25_1 generated using the
plurality of sub-carriers of the first wavelength band. Fur-
ther, the optical communication apparatus 3a and the optical
communication apparatus 34 communicate with each other
using an optical signal 25_2 generated using the plurality of
sub-carriers ol the second wavelength band. Further, the
optical communication apparatus 35 and the optical com-
munication apparatus 3¢ communicate with each other using,
an optical signal 25_3 generated using the plurality of
sub-carriers of the second wavelength band. Further, the
optical communication apparatus 35 and the optical com-
munication apparatus 34 communicate with each other using,
an optical signal 25 4 generated using the plurality of
sub-carriers of the first wavelength band. The first wave-
length band and the second wavelength band are bands
whose wavelengths do not overlap each other. For example,
these wavelength bands are C band, L band, S band or the
like used 1n the WDM.

By setting the combination of the wavelength bands of the
optical signals 25 1 to 25_4 used in the communication
among the optical communication apparatuses 3a to 3d as
stated above, it 1s possible to prevent the wavelength bands
of the sub-carriers used 1n the communication among the
optical communication apparatuses 3a to 3d from being
overlapped each other.

In the optical communication system according to this
exemplary embodiment as well, the settings of the commu-
nication among the optical communication apparatuses 3a to
3d may be determined according to at least one of the
distance between the optical communication apparatuses 3a
and 35 and the optical communication apparatuses 3¢ and
3d, a time zone 1n which the communication 1s performed,
and the state of the transmission path between the optical
communication apparatuses 3aq and 36 and the optical com-
munication apparatuses 3¢ and 3d. Alternatively, the com-
munication between the optical communication apparatuses
3a and 35 and the optical communication apparatuses 3¢ and
3d may be set using at least one of the allocation of the
wavelength band of the sub-carrier in the communication
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between the optical communication apparatuses 3a and 35
and the optical communication apparatuses 3¢ and 3d, the

path of the optical signal, and the modulation system.

According to the present invention described in this
exemplary embodiment, it 1s possible to provide the optical
communication system and the method of controlling the
optical communication system that can efliciently allocate
the resources 1n the optical communication network.

While the present invention has been described as a
hardware configuration 1n the above exemplary embodi-
ments, the present invention 1s not limited to the hardware
configuration. The present nvention may also achieve
desired processing by causing a CPU (Central Processing
Unit) to execute a computer program.

The program can be stored and provided to a computer
using any type of non-transitory computer readable media.
Non-transitory computer readable media include any type of
tangible storage media. Examples of non-transitory com-
puter readable media include magnetic storage media (such
as tlexible disks, magnetic tapes, hard disk drives, etc.),
optical magnetic storage media (e.g., magneto-optical
disks), Compact Disc Read Only Memory (CD-ROM),
CD-R, CD-R/W, and semiconductor memories (such as
mask ROM, Programmable ROM (PROM), Erasable
PROM (EPROM), flash ROM, Random Access Memory
(RAM), etc.). The program may be provided to a computer
using any type of transitory computer readable media.
Examples of transitory computer readable media include
clectric signals, optical signals, and electromagnetic waves.
Transitory computer readable media can provide the pro-
gram to a computer via a wired communication line (e.g.,
clectric wires, and optical fibers) or a wireless communica-
tion line.

While the present invention has been described with
reference to the exemplary embodiments, the present inven-
tion 1s not limited to the above exemplary embodiments.
Various changes that can be understood by those skilled 1n
the art can be made to the configurations and the details of
the present invention within the scope of the present inven-
tion.

REFERENCE SIGNS LIST

1, 1_1-1_6 OPIICAL TRANSMISSION APPARATUS
2,2_1-2_6 OPIICAL RECEPTION APPARATUS
3 OPTICAL COMMUNICATION APPARATUS

11, 11_1-11_m SUB-CARRIER TRANSMISSION UNIT
12 OPTICAL TRANSMISSION SIGNAL SWITCH UNIT
13 TRANSMISSION PORT

14 LIGHT SOURCE

15 SUB-CARRIER GENERATION UNIT

16 SIGNAL CONVERTER

21_1-21_m OPTICAL TRANSMISSION SIGNAL

22 1, 22_2 OPTICAL TRANSMISSION SIGNAL

23 1, 23_2 OPTICAL TRANSMISSION SIGNAL

26_1 FIRST PATH

26_2 SECOND PATH

30 SWITCH UNIT

31_1, 31_2 OPTICAL MULITIPLEX.
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33 OPTICAL DEMULITPLEXE
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42 SWITCH UNIT

43 _1-43_m SUB-CARRIER RECEPTION UNIT
44 1, 44_2 LOCAL OSCILLATOR

45 SIGNAL PROCESSING UNIT

51_1, 51_2 OPTICAL RECEPTION SIGNAL

L1
r>

R




US 11,296,793 B2

39

52_1-52_m SUB-CARRIER RECEPTION SIGNAL
53_1-53_6 RECEPTION SIGNAL

60_1, 60_2 OPTICAL BRANCHING DEVICE

61 OPTICAL CHANGEOVER SWITCH

62 OPTICAL MULTIPLEXER

63 OPTICAL DEMULTIPLEXER

64 MULTIPLEXED OPTICAL SIGNAL

80 CONTROLLER

81 MONITOR UNIT

82 CONFIGURATION UNIT

The 1nvention claimed 1s:

1. An optical transmission apparatus comprising;

a signal processor configured to convert a first data stream
into a first electrical signal and a second electrical
signal;

a first optical transmitter configured to convert the first
clectrical signal 1nto a first optical signal;

a second optical transmitter configured to convert the
second electrical signal into a second optical signal;
and

an output interface configured to output the first optical
signal and the second optical signal to a first optical
reception apparatus,

wherein:

the signal processor converts a second data stream 1nto a
third electrical signal and converts a third data stream
into a fourth electrical signal, the second and third data
streams transmitted via diflerent paths;

the first optical transmitter converts the third electrical
signal into a third optical signal;

the second optical transmitter converts the fourth electri-
cal signal into a fourth optical signal; and

the output interface outputs the third optical signal to the
first optical reception apparatus and outputs the fourth
optical signal to a second optical reception apparatus.

2. The optical transmission apparatus according to claim
1, wherein the third optical signal 1s generated by a first
sub-carrier and the fourth optical signal 1s generated by a
second sub-carrier, and predetermined parameters of the first
and second sub-carriers are allocated 1n such a way that they
do not overlap with each other.

3. The optical transmission apparatus according to claim
2, wherein:

cach of the plurality of parameters comprises a plurality
of parameters, and

the first and second sub-carriers are arranged in such a
way that they do not overlap with each other.

4. The optical transmission apparatus according to claim
2, wherein each of the predetermined parameters comprises
at least one of a wavelength, a polarization, and a time.

5. The optical transmission apparatus according to claim
1, wherein the third and fourth optical signals have wave-
lengths different from each other.

6. The optical transmission apparatus according to claim
1, wherein:

the first optical transmitter 1s supplied with a first sub-
carrier from a first light source, and the second optical
transmitter 1s supplied with a second sub-carrier from a
second light source.

7. The optical transmission apparatus according to claim

5, Turther comprising:

a single light source; and

a sub-carrier generator configured to generate the first and
second sub-carriers using light generated in the single
light source and supplies the first and second sub-
carriers that have been generated to the first and second
optical transmitters, respectively.
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8. The optical transmission apparatus according to claim
7, wherein the sub-carrier generator modulates light gener-
ated 1n the single light source using orthogonal frequency
division multiplexing to generate the first sub-carrier and the
second sub-carrier that are perpendicular to each other.

9. The optical transmission apparatus according to claim

1, wherein:

when the first and second electrical signals are converted
based on the first data stream, data that has been
serial-parallel converted i1s supplied to the first and
second optical transmitters, and

the first and second optical transmitters transmit the data
that has been serial-parallel converted 1n parallel.

10. The optical transmission apparatus according to claim

1, further comprising:

first and second optical multiplexers that

correspond to the first and second optical reception
apparatuses, respectively, and

are configured to multiplex the third and fourth optical
signals output from the output interface, respec-
tively.
11. The optical transmission apparatus according to claim
10, wherein the output interface comprises a first and second
output interfaces that respectively correspond to the first and
second optical transmitters and switch output destinations of
the third and fourth optical signals output from the first and
second optical transmitters to the first optical multiplexer
and the second optical multiplexer, respectively.
12. The optical transmission apparatus according to claim
1, turther comprising:
an optical multiplexer that multiplexes the third and
fourth optical signals output from the first and second
optical transmitters; and
an optical demultiplexer that selectively outputs the third
and fourth optical signals included 1n the multiplexed
optical signal output from the optical multiplexer to the
first and second optical reception apparatuses.
13. An optical communication apparatus comprising:
a signal processor configured to convert a first data stream
into a first electrical signal and a second electrical
signal;
a first optical transmitter configured to convert the first
clectrical signal into a first optical signal;
a second optical transmitter configured to convert the
second electrical signal mto a second optical signal;
a first output interface configured to output the first optical
signal and the second optical signal to a first optical
reception apparatus, wherein:
the signal processor converts a second data stream 1nto
a third electrical signal and converts a third data
stream 1nto a fourth electrical signal, the second and
third data streams transmitted via diflerent paths,

the first optical transmitter converts the third electrical
signal into a third optical signal,

the second optical transmitter converts the fourth elec-
trical signal into a fourth optical signal, and

the first output interface outputs the third optical signal
to the first optical reception apparatus and outputs
the fourth optical signal to a second optical reception
apparatus;

first and second receivers configured to receirve sub-
carrier reception signals; and

a second output interface configured to output a first
sub-carrier reception signal and a second sub-carrier
reception signal that have been mput to the first and
second receivers, wherein:
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when the first and second sub-carrier reception signals
correspond to the first and second optical signals
respectively, the second output interface receives the
first and second sub-carrier reception signals via one
path and outputs the first sub-carrier reception signal
to the first recerver and the second sub-carrier recep-
tion signal to the second receiver, and

when the first sub-carrier reception signal and the
second sub-carrier reception signal correspond to the
third and fourth optical signals respectively, the
second output interface receives the first and second
sub-carrier reception signals via paths diflerent from
cach other and outputs the first sub-carrier reception
signal to the first receiver and the second sub-carrier
reception signal to the second receiver.

14. An optical communication system comprising an
optical transmission apparatus and first and second optical
reception apparatuses, wherein:

the optical transmission apparatus comprises:

a signal processor configured to convert a first data stream
into a first electrical signal and a second electrical
signal;

a first optical transmitter configured to convert the first
clectrical signal 1into a first optical signal;

a second optical transmitter configured to convert the

second electrical signal into a second optical signal;
and

an output intertace configured to output the first optical

signal and the second optical signal to the first optical
reception apparatus,

wherein:

the signal processor converts a second data stream 1nto a

third electrical signal and converts a third data stream
into a fourth electrical signal, the second and third data
streams transmitted via diflerent paths;

the first optical transmitter converts the third electrical

signal into a third optical signal;

the second optical transmitter converts the fourth electri-

cal signal into a fourth optical signal; and

the output intertace outputs the third optical signal to the

first optical reception apparatus and outputs the fourth
optical signal to a second optical reception apparatus.

15. The optical communication system according to claim
14, wherein the third optical signal 1s generated by a first
sub-carrier and the fourth optical signal 1s generated by a
second sub-carrier, and predetermined parameters of the first
and second sub-carriers are allocated in such a way that they
do not overlap with each other.

16. The optical communication system according to claim
15, wherein:

cach of the plurality of parameters comprises a plurality

of parameters, and

the first and second sub-carriers are arranged in such a

way that they do not overlap with each other.

17. The optical communication system according to claim
15, wherein each of the predetermined parameters comprises
at least one of a wavelength, a polarization, and a time.

18. The optical communication system according to claim
14, wherein the third and fourth optical signals have wave-
lengths different from each other.

19. The optical communication system according to claim
14, wherein:

the first optical transmitter 1s supplied with a first sub-

carrier from a first light source, and the second optical
transmuitter 1s supplied with a second sub-carrier from a
second light source.
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20. The optical communication system according to claim
18, further comprising:

a single light source; and

a sub-carrier generator configured to generate the first and

second sub-carriers using light generated 1n the single
light source and supplies the first and second sub-
carriers that have been generated to the first and second
optical transmitters, respectively.

21. The optical commumnication system according to claim
20, wherein the sub-carrier generator modulates light gen-
crated 1n the single light source using orthogonal frequency
division multiplexing to generate the first sub-carrier and the
second sub-carrier that are perpendicular to each other.

22. The optical communication system according to claim
14, wherein:

when the first and second electrical signals are converted

based on the first data stream, data that has been
serial-parallel converted i1s supplied to the first and
second optical transmitters, and

the first and second optical transmitters transmit the data

that has been serial-parallel converted 1n parallel.

23. The optical commumnication system according to claim
14, wherein the optical transmission apparatus further com-
Prises:

first and second optical multiplexers that

correspond to the first and second optical reception
apparatuses, respectively, and

multiplex the third and fourth optical signals output
from the output interface, respectively.

24. The optical commumnication system according to claim
23, wherein the output interface comprises a first and second
output interfaces that respectively correspond to the first and
second optical transmitters and switch output destinations of
the third and fourth optical signals output from the first and
second optical transmitters to the first optical multiplexer or
the second optical multiplexer, respectively.

235. The optical commumnication system according to claim
14, wherein the optical transmission apparatus further com-
Prises:

an optical multiplexer that multiplexes the third and

fourth optical signals output from the first and second
optical transmitters, respectively; and

an optical demultiplexer that selectively outputs the third

and fourth optical signals included 1n the multiplexed
optical signal output from the optical multiplexer to the
first and second optical reception apparatuses.

26. A method of controlling an optical communication
system comprising an optical transmission apparatus and
first and second optical reception apparatuses, comprising:

converting, by a signal processor, a {irst data stream 1nto

a first electrical signal and a second electrical signal;
converting, by a first optical transmutter, the first electrical
signal 1nto a first optical signal;
converting, by a second optical transmitter, the second
clectrical signal into a second optical signal; and

outputting, by an output interface, the first optical signal
and the second optical signal to the first optical recep-
tion apparatus,
wherein the signal processor converts a second data
stream 1nto a third electrical signal and converts a third
data stream into a fourth electrical signal, the second
and third data stream transmitted via different paths,

wherein the third electrical signal 1s converted by the first
optical transmitter into a third optical signal,

wherein the fourth electrical signal 1s converted by the

second optical transmitter into a fourth optical signal,
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wherein the third optical signal 1s outputted by the output
interface to the first optical reception apparatus and the
second optical signal i1s outputted by the output inter-
face to the second optical reception apparatus, and

wherein each of the optical transmission apparatus and the
first and second optical reception apparatuses 15 con-
trolled according to a state of communication of the
optical communication system.

27. A non-transitory computer-readable storage medium
storing a program for causing a computer to perform a
method for controlling an optical communication system
comprising an optical transmission apparatus and first and
second optical reception apparatuses, wherein the method
COmprises:

controlling a signal processor to convert a first data stream

into a first electrical signal and a second electrical
signal;

converting, by a first optical transmutter, the first electrical

signal into a first optical signal;

converting, by a second optical transmitter, the second
clectrical signal into a second optical signal; and

outputting, by an output interface, the first optical signal
and the second optical signal to the first optical recep-
tion apparatus,

wherein the signal processor converts a second data
stream 1nto a third electrical signal and converts a third
data stream into a fourth electrical signal, the second
and third data streams transmitted via diflerent paths,

wherein the third electrical signal 1s converted by the first
optical transmitter into a third optical signal,

wherein the fourth electrical signal 1s converted by the
second optical transmitter into a fourth optical signal,
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wherein the third optical signal 1s outputted by the output
interface to the first optical reception apparatus and the
second optical signal 1s outputted by the output inter-
face to the second optical reception apparatus, and

wherein the program causes the computer to execute
processing for controlling each of the optical transmis-
sion apparatus and the first and second optical reception
apparatuses according to a state of communication of

the optical communication system.
28. An optical transmission method comprising:

converting, by a signal processor, a {irst data stream 1nto
a first electrical signal and a second electrical signal;

converting, by a first optical transmutter, the first electrical
signal 1nto a first optical signal;

converting, by a second optical transmitter, the second
clectrical signal 1nto a second optical signal; and

outputting, by an output interface, the first optical signal
and the second optical signal to a first optical reception
apparatus,

wherein the signal processor converts a second data
stream 1nto a third electrical signal and converts a third
data stream 1nto the third electrical signal, the second
and third data streams transmitted via different paths,

wherein the third electrical signal 1s converted by the first
optical transmitter 1nto a third optical signal,

wherein the fourth electrical signal 1s converted by the
second optical transmitter into a fourth optical signal,
and

wherein the first optical signal 1s outputted by the output
interface to the first optical reception apparatus and the
second optical signal 1s outputted by the output inter-
face to the second optical reception apparatus.
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